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Q<APJ<OxCF=BJ°CFQ<Q&J<AgJ&=VCWZRJ<I\OgE�¸cCF=-IHOPKBZTCWE�Z-KBXo;H=BQ<J<K,CFEHI\N»C!l�
±E±CFAPAPl�=BJ!CFQTS\ZVSHJ°CWZRN�XFK��HSHJ&=RJ[XF¸�ZVSHJ
J!CW=BZVS a ZRSHJ�ZTCW=RGoJ Z e0��®-SHJ<=BJ[ZRSHJ&l�OPEmZVJ<=RCFQ&Z�®-OÊZVS�ZRSHJ°CWZVN#XoK��>SHJ<=BOgQ�CFOP=ÄE�;HQ<APJ<OxCFE>I\OPEHOPZRODCWZRJ�CFE
C!�WCFADCFE>QTSHJ�XF¸�KRJ&Q<XoEHIHCF=Bl �H=RXnIH;HQ&J<I �±CF=BZROgQ&AgJ<K*��ZRSHJ�KRX�Q<CFAgAPJ<I�CFOP=¥KBSHX�®¥J&=<d´Æ¥J&¸�Xo=BJ,ZVS>J[CFI>�oJ&EmZ
XF¸pCF= ZVO

±Q<OgCFA�SHOgGoS J<EHJ&=RGFl�ADCF¨jXo=RCWZVXo= l CFQ&Q<J<APJ<=RCWZVXo=BK1��ZRSHJ�OgEm�FJ<KBZROgGmCMZVOgXFE�XF¸�ZRSHJ<KBJ�KRJ&Q<XoEHIHCF=Bl
�±CF= ZVOPQ<AgJ&K�®ÄCWK¶ZRSHJ-N»CvÃBXF=�J08 �jJ<=ROPN�J&EmZTCFAHZR=ROgGFGoJ<=
XF¸ �H=BXoGo=RJ&KRK�OgE�J&AgJ<N#J<EmZVCF=Bl �HCF=BZROgQ<APJ �HSmlnKROPQ<K<d
À ¸cCFN#Xo;HK�J08>CFN#�HAgJ»OgK�ZRSHJ�IHOPKRQ&Xv�FJ<= l XF¸�ZVS>J �«XFKROPZR=RXoE�¨�l�À,EHI>J<=RKBXoE OgE ©!¬ ÇmÁ � ©�¬��<��®-SHOPQTS
Q<XFE�
±=RN#J<I�ZVS>J[ZRSHJ<XF=RJ&ZROgQ<CFA��H=BJ<IHOPQ&ZVOPXoE�XF¸�CFEmZVO`N�CWZRZRJ<=�¨ml b Og=RCFQFd
b J<K��HOPZRJ»ZVS>J �H=RXoGF=RJ<KBK²OgE CWQ<Q<J&AgJ&=VCWZRXo=�ZVJ&QTSHEHO �n;>J<K1�¶Q<XFKRN#OgQ�=RC�l =RJ&KRJ<CF=RQTS =RJ&N»CFOPEHJ<I�XoE ZVSHJ
�±CF= ZVOPQ<AgJ �>S�lnKBOgQ<K�CFGoJ&EHI±C�IH;HJ�ZVX�ZRSHJ �H=RX"�jJ<= ZVOPJ<K�XF¸¶ZVSHJ�Q&XoKRN#OgQ �±CW=BZVOPQ<APJ^¨«J<CFN �x®-S>OgQTS CF=RJ
KBZROgAPA�;HEH=ROÊ�WCFAgJ&I)¨ml CF= ZVO�
HQ<ODCWAÄKRXo;>=RQ<J&K<·	º�SHJYSHOgGFSHJ<K Z�I>J&ZVJ&Q&ZRJ<I�J<E>J<=RGFOgJ<K#OgE)CFOP=#KBSHX�®¥J&=»J 8 �
�jJ<=ROPN�J&EmZVK[J08�Q<J&J<I © ÎoÎ ?�J0) �`Q&Xo=R=BJ<K��jXoEHI>OgEHG�ZVX�Q<J&EmZVJ<=°XF¸´N»CWKRK[J<EHJ&=RGoOPJ<K°CF¨jX��oJ ÏmÎoÎ º�J0)^d
º�SHOPK¥OgK¥CF¨jXo;>Z¥C�¸cCFQ&ZRXo= ÁFÎ SHOPGoSHJ<=�ZVSHCFE»ZVS>J,J<E>J<=RGFOgJ<K´®-SHOgQTS»®-OPAgA§¨jJ�C!�WCFOgAgCF¨HAgJ-CMZ¥ZVS>J�� È�CW=RGoJ
¼,CWIH=RXoE�É¥XoAPAgOgI>J<=	� �_®-SHOPQTS�OPK�Q<;H=B=RJ<EmZRAPl	¨H;>OgAPZ°CMZ�ZVSHJ�ÉÄ? ½ Â ADCW¨«Xo=RCWZVXF=BlYOgE U[J&EHJ&�WC>d#?��oJ&E
CWZ,AgX�®¥J&=@J&EHJ<=BGoOgJ&K1�jZVSHJ�N�J<CFKR;H=BJ<I �>S±CFKRJ�K��±CFQ&J�OPK@Q&XoN��>AgJ<N#J<EmZVCF=Bl�ZRX�ZVSHCWZ�OPE��FJ<K ZVOgGoCWZVJ&I]OgE
CFQ&Q<J<APJ<=RCWZVXo=�J 8 �«J&=ROgN#J<EmZRK<d
º�SHOPK�OgKÄ¨jJ<Q<CF;HKRJ�ZRSHJ�KRN�CFAgA � CFE>GoAgJ�¸�Xo= ®ÄCF=BI�J<EHJ&=RGFl��±X�® OgK¥AgXoK ZÄOgE
ZVS>J#¨jJ!CWN �HO �«J²XF¸¶ZVS>J�CFQ<Q&J<AgJ&=VCWZRXo=1�¿®-S>J<=RJ<CFK[ZVSHJ�CFOP=�KRS>Xv®´J<=°J08 �jJ<=BOgN#J<EmZVK°CF=BJ²IHXoN#OgE±CWZRJ<I
¨ml ZVSHJ&KRJ�¸�Xo=B®¥CF=RI(�±CF= ZVOPQ<AgJ&K[IH;HJ�ZVX�ZVSHJ�
�8�J<IÍZTCF=BGoJ&Z°GoJ&XoN�J ZV= lod#º�SHJ»K ZTCFEHIHCF=RI ZVSHJ&Xo=Bl XW¸
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6�7�8:9<;>=�?&6�@A?&8:BDCFE�=�7�8G6�CAH:9G?&6JI K�LM8ONP=&;>Q&RS8:=AITHA8:=�UWVYX

KBZV=BXoEHG OgEmZVJ&=VCFQ ZVOgXFEHK1�´GoX��oJ<=BEHOgE>G�ZVSHJ\IHJ �oJ<APX"�HN#J<EmZ�XW¸,ZVS>J]S±CFI>=RXoEHOPQ��±CF=BZ�XF¸�CFOg=�KRS>Xv®´J<=BK1�
¨H=RJ<CFL�K�IHX�®-E OgE ZVS>J�¸�XF=B®¥CF=RI �HS±CWKRJ\K��±CFQ&J�=RJ<GFOgXoE���ZVS>J<=RJ ¸�Xo=RJ�OÊZVK^ZVS>J<Xo=BJ&ZVOPQ!CFA¥IHJ<KBQ<=RO �>ZVOPXoE
=RJ<APOgJ&K�XoE�N�XnIHJ<APK1�>®-S>OgQTS\KBZVOPAgAj¸cCFOgA_ZRX �H=RJ&IHOgQ ZpCFAgA¿KBSHX�®¥J&=@XF¨HKRJ&=B�WCF¨HAPJ<K<d
h�OgE±CWAgAPl.�oC�ADCW=RGoJÄ¸�=RCFQ&ZROgXoE²XF¸jZVS>JpKBJ<Q&XoEHI±CF= l �±CF= ZVOgQ&AgJ&K
=RJ!CWQTSHOgEHG a CWEHI �«J&EHJ&ZR=VCWZROgEHG�e�ZRSHJ-J!CF= ZVS
CF=RJÄE>J<;>ZR=ROgE>XoK<d�À,K�ZVS>J<KRJ%�HCF=BZROgQ<APJ<K�CF=RJ´LnE>Xv®-E�ZVX,S±C!�oJ-C�KRN�CFAPAnOPEmZVJ<=RCFQ&ZROgXoE �H=RXo¨HCF¨HOgAPOPZ l�®-OÊZVS
N»CWZBZVJ&=1�_ZRSHJ�IHJ&ZRJ<Q&ZROgXoE XF¸¶ZVS>J<N%=BJ<APOgJ<K�XFE C�KB;�&#Q<OPJ<EmZVAÊl	ADCF=BGoJ �±; 8 J<EmZVJ&=ROPEHG�ZVSHJ�IHJ ZVJ<Q ZVXo=&d
º�SHJ	CFE±CWAPlnKROPK�XF¸�CWZVN#XoK��>SHJ<=BOgQ\EHJ<;>ZR=ROPEHX I±CWZVC��¥ZRXoGoJ&ZRSHJ<=#®-OPZRS1Xo¨HKBJ<= �FCMZVOgXFEHK»XF¸�EHJ<;>ZR=ROPEHXoK
Xo=ROPGoOgE±CMZVOgE>GY¸�=RXFN ZVS>J�KR;HE)CFEHI ZVS>XoKRJ�¸�=RXFN"CF= ZVO�
HQ<ODCWA¥CFQ&Q<J&AgJ<=RCWZVXF=RK1�¶=RJ �oJ<CFAgK�IHOPKRQ<=BJ1�±CWEHQ<OPJ<K
¨«J Z ®¥J&J<E»ZRSHJ@N#J!CWKR;H=BJ<N#J<EmZVK � © + �¹© -�� 6 Ç �HCFEHI�ZVSHJ-KBZVCFEHI±CW=RI�ZRSHJ<XF=RJ&ZROgQ<CFA±J08 �jJ<Q&ZVCWZVOPXoEHK � -�� - Ç �<�
Q<;H=B=RJ<EmZRAPlYOgEmZVJ&=��H=BJ&ZVJ&IÍCFK@ZRSHJ^Q<XFEHKRJ �n;>J<EHQ&J�XF¸�E>J<;>ZR=ROgE>X�XoKRQ&OgAPADCWZROgXoEHK a KRJ<J � -"-���¸�Xo=,C»=RJ&Q<J<EmZ
=RJ&�nOPJ&® XFE\ZRSHOgKÄZRX"�HOgQ!e d
º�SHOgK�®´Xo=BL OPK�IHJ&IHOgQ<CWZVJ&I�ZVX]ZRSHJ�N#J!CFKB;H=RJ&N�J&EmZ²XF¸-N^;HXFEHK�Q&=RJ!CMZVJ<I OPE CFOP=�KBSHX�®¥J&=RK<d º�SHJ&KRJ
J<AgJ&N�J&EmZTCF= l �±CF=BZROgQ&AgJ<K²ZRSHJ<N#KRJ&AP�oJ&K�®´J<=BJ 
±=BKBZ»IHOgKBQ<X��oJ&=RJ<I1OgE)CÍQ&XoKRN#OgQ�=VC!l J 8��jJ<=BOgN#J<EmZ�OgE
©�¬ Ç ­ � ©o© Ï ��d ��OPEHQ<J²ZVS>J<E���N»CWE�l]J08 �jJ<=ROPN�J&EmZVK[N�J<CFKR;>=RJ<I ZVS>J<Og= �H; 8 ��J&EHJ<=BGFl	K��jJ<Q ZV=B;HN CFEHI
ZVSHJ-=VCMZVOgX[XF¸ �jXoKROÊZVOP�FJ-CFEHI#EHJ<GoCWZVOÊ�oJpN^;HXoEHK&d�À,K
ZRSHJ<=BJ@OPK�C°Q&AgXoKBJp=BJ<AgCWZVOPXoE²¨«J Z ®¥J&J<E»ZRSHJ �H=RX.� �

Z



J<= ZVOPJ<K�XF¸§CWZRN�XoK��HSHJ&=ROgQ�N^;>XoEHK�CFEHI�E>J<;>ZR=ROgE>XoK1�M®-SHOgQTS�®-OPAgAm¨jJ¶¸�;>=BZVS>J<=�J08 �HADCWOgEHJ&I�OgE°QTS±C.��ZVJ<=´©"�
ZVS>J<KRJ[N#J!CFKB;H=RJ&N�J&EmZVK-Q<Xo;>AgI�OgE �>=ROgE>Q<O �>AgJ,¨jJ�;HKBJ<I�ZVX�Q<XFEHKBZR=VCFOPE�ZVSHJ�ZRSHJ<Xo=BJ&ZROgQ!CWA �H=BJ<IHOPQ&ZVOPXoEHK
XF¸¶ZVSHJ#CWZRN�XFK��HSHJ&=ROPQ²EHJ<;>ZR=ROPEHX�¨«J<CFNªCFE>I SHJ&A �	ZVX�OPE�ZRJ<=��H=RJ Z�ZVSHJ �±CF=RCFN#J&ZVJ&=RK�XF¸¶ZVS>J�CW¨«X��oJ
N#J<EmZVOPXoEHJ<I EHJ<;�ZV=ROPEHX\XoKRQ&OgAgAgCWZVOPXoEHK&d�¼pX�®¥J �oJ<=*�
Q<;H=B=RJ&E�Z�N^;HXFE�N#J!CFKB;H=RJ&N�J&E�ZRK�I>X]EHXFZ�CFGo=BJ<J
®-OPZRS»J<CFQTS�XFZVS>J<=´CFEHI»ZRSHJ,X��oJ&=VCFAPA§;HEHQ<J&=BZVCFOgEmZVOPJ<K¥CF=RJ@¨«J Z ®¥J&J<E\­�CWEHI Ç © 2 I>J1�jJ<EHIHOPEHG^XoE#ZVSHJ
J<E>J<=RGWl a KRJ&J�KBJ<Q ZVOgXFE Á d Ï e d
ÀÌEHJ&® �H=BJ<Q&OgKRJ°N#J!CFKB;H=RJ&N�J&E�Z,OgK �H=BJ<KRJ&EmZVJ<I	S>J<=RJ �jZRXoGoJ ZVSHJ&=p®-OÊZVSYC#ZVS>Xo=RXo;>GoSYJ �WCFAg;±CMZVOgXFE\XW¸
ZVS>J°J 8 �«J&=ROgN#J<EmZVCFA`J<=B=RXo=BK<d
º�SHJ	N#J!CFKB;H=RJ&N�J&EmZ�®ÄCWK �«J&=B¸�Xo=BN�J&I ;HKBOgEHG ZRSHJ �H=BJ<Q<OPKROPXoE N^;HXFE K��jJ<Q ZV=RXFN�J ZVJ<=»XF¸�ZVSHJ�È Ç
IHJ ZVJ<Q ZVXo=[CMZ°ÉÄ? ½ Â OPE U[J&EHJ&�WC��.�n®-OPZR:<J<=BADCFE>I��«®-SHOPQTS	®ÄCFK�I>J<KROPGoEHJ&I ZRX�IHJ ZVJ<Q Z[N^;HXoE>K�Xo=ROPG �
OgEHCWZVOPEHG ¸�=BXoN Q<XoAPAgOgKBOgXoE>K²XF¸�ZVSHJ�È�?�k CFQ&Q<J<APJ<=RCWZVXo=�¨«J<CFN\d �nZVCF=BZROgEHGÍ¸�=RXoN ZVS>J]loJ<CF=�©�¬o¬.-��
ZVS>J�È Ç C.� �±CW=VCWZR;HK�®ÄCFKpJ���;HO � �jJ<I�®-OPZVS\EHJ ®s=RJ<CFIYXF;>Z-J<APJ<Q&ZR=RXoE>OgQ<KpCFE>I]CFI>IHOPZROgXoE±CWA_IHJ ZVJ<Q ZVXo=
Q<XFN��jXoEHJ&E�ZRK¶ZRX^CFAPAgX�® ¸�Xo=
ZVSHJpN�J<CFKR;>=RJ<N#J<EmZ´XF¸¿Q&XoKRN#OgQ-=RC�l�OPEHIH;HQ&J<I�N^;HXoEHK*�nZRX�X>d�º�SHOPK´EHJ ®
KRJ ZV; � �±LnE>Xv®-E\CFKÄÈ Ç�� É �n®-OgAPA«¨jJ�J08 �HAgCFOgE>J<I�OgE»QTS±C.�>ZRJ<= Ç d ¾ OÊZVS»ZRSHJ�EHJ ® I±CMZTC^=RJ&Q<XoE>KBZV=B;HQ �
ZVOPXoE)CFAgGoXF=ROPZRSHN J 8 �HADCFOPEHJ<I)OgE QTS±C.�>ZRJ<= Ï CFE>I)ZVS>JYOPN��H=BX��oJ<I)N�XFN�J&E�ZR;HN =RJ&KRXoAP;>ZVOPXoE���ZVSHJ
N^;HXFE\N#XoN#J<EmZV;>NiK��«J&Q&ZV=B;HN�Q<XF;HAgI�¨jJ�N�J<CFKR;>=RJ<I�OPEYC^N#XoN#J<EmZV;>Ni=RCFEHGoJ�¨jJ&Z ®´J<J&E ÁFÎ CFEHI
ÁFÎoÎFÎ U[J0)��-CFEHI�ZRSHJ�QTS±CW=RGoJ�=RCWZVOPX�¨jJ&Z ®´J<J<E ÁFÎ CFE>I�6 ÇoÎ U�J*)�d>À@¸�ZRJ<=¥ZRSHJ�IHJ&KRQ&=RO ��ZVOgXFE�XF¸`ZVSHJ
IHJ ZVJ<Q ZVXo= �«J&=B¸�Xo=BN»CFE>Q<J,OPE�QTS±C.��ZVJ<=%+ ��ZRSHJ�=RJ&KR;HAÊZVK¥CF=RJ �>=RJ<KBJ<EmZVJ&I�OgE�QTS±C �>ZVJ&=%6�¸�XoAPAgX�®¥J&I�¨ml�C
Q<XFN��±CW=ROgKBXoE�ZVX�ZRSHJ<XF=RJ&ZROgQ<CFA �H=BJ<IHOPQ&ZROgXoEHK,¨±CFKRJ&I XoE	ZVSHJ^Q&;H=R=BJ<EmZ°L�EHX�®-AgJ<I>GoJ²XF¸�ZVSHJ �>=ROgN�CF= l
�±CF= ZVOPQ<AgJ �H; 8\CFEHI\SHOPGoS�J<EHJ&=RGFl�OPEmZVJ<=RCFQ&ZROgXoE>K<d
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ÀÄZVN#XoK��HSHJ<=BOgQ�N^;HXFEHK�CF=RJ\CFN#XoEHGFKBZ^ZRSHJ�J<EHI �H=RXnIH;HQ ZVK#XF¸pZVSHJ�E�;HQ&AgJ!CW=#Q<CFKRQ<CFIHJ&K�OPEHOPZRODCWZRJ<I
¨ml	ZVSHJ�Q&XoAgAPOgKROPXoE]XW¸¥Q&XoKRN#OgQ²=RC�l �±CF=BZROgQ&AgJ<K@®-OPZVS	ZRSHJ#CFOg=�E�;HQ&AgJ&O
XF¸´ZRSHJ�J!CF= ZVSHK �xCWZVN#XoK��HSHJ<=BJFd
ÀÄZ^N�;HXoE�J&EHJ<=BGoOgJ&K�¨jJ<APXv® C\¸�J&® º�J0) ��ZRSHJ&l(�H=BJ<IHXFN�OPE±CFEmZVAÊl	Xo=ROPGoOgEHCWZVJ^¸�=BXoNªZVSHJ�IHJ<Q<C!l XW¸
QTS±CF=BGoJ<I�� CFEHI�� N#J<KRXFEHK���OgC

a �
	�� e
��� ��� ����� a Á dÊ©ve

CFEHI
a ��	�� e���� �
� � ��� @ a Á d Á e

b ;HJ�ZVX^ZRSHJ[KRN�CFAgA«J<EHJ&=RGFl�AgXoKBK�XF¸�C � �H=RX 8�OgN�CWZRJ<APl Á U�J*)s¸�Xo=-C²N^;HXFE�ZR=VC!�oJ&=RKBOgEHG²ZVS>J[®-S>XoAgJ
CWZRN�XoK��HSHJ&=RJ.�@ZVSHJ&Og=�=RJ&ADCWZROP�oJ&APl)AgXoE>G APOP¸�J ZVOgN#J]XW¸^CF¨jXo;>Z Á d 6

µ
KYCWEHI ZRSHJÍ=RJ<AgCWZVOÊ�nOgKBZROgQ\ZVOgN#J

IHOPADCWZVCWZVOPXoE��nN�XoK ZpXF¸�ZRSHJ°N^;HXoEHKpCF¨jX��oJ#© Î U[J0)ÌQ!CFE\=RJ<CFQTSYZRSHJ�KB;H=B¸cCWQ<J°XF¸�ZRSHJ°J!CF= ZVS\¨«J ¸�Xo=RJ
KBZRX"� �HOPEHG�CFEHI�IHJ<Q<C!l�OPEHGHd
º�SHJ��±CF=RJ&EmZ�N#J<KBXoEHK[OgE a Á dÊ©ve�CFEHI a Á d Á e�CF=BJ �H=RXnIH;HQ&J<I�N�CFOPEHAPl]OgE	ZVSHJ#OgEmZRJ<=VCWQ&ZVOPXoEHK�XF¸´ZVSHJ
�H=BOgN�CF=Bl»Q<XoKBN�OPQ�E�;HQ<APJ<O�� ®-OPZRS�ZRSHJ°CFOg=�OPE�ZVSHJ°CWZRN�XoK��HSHJ&=RJF·

� � À@Og=�� ����� � � @ a Á d Ç e
¾ SHJ&=RJ!CWK´ZVS>J@Q<CFAgQ&;HADCWZROgXoE�XF¸_ZRSHJ@N#J<KBXoE#IHJ<Q<C�lnK´OgK�GoX��oJ&=REHJ&I�¨ml²ZVSHJ-®¥J&AgA±L�EHX�®-E�L�OgE>J<N�CWZVOPQ<K
XF¸¿C�Z ®´X�¨jXnI>l²IHJ&Q!C!l"��ZVSHJ-N�CFOgE²I>O &#Q<;HAÊZ l²XF¸¿C ��;±CWE�ZROPZVCWZVOÊ�oJ �H=RJ&IHOgQ ZVOPXoE�XF¸«ZRSHJpCWZVN#XoK��HSHJ<=BOgQ
N^;HXFE�CFEHI�E>J<;>ZR=ROgE>X �±; 8�J<K-CMZ¥ZVS>J,KR;>=B¸cCFQ&J�XF¸`ZVS>J,J!CW=BZVS�CF=ROPKRJ<K´¸�=RXoN Q<CFAgQ&;HADCWZROgEHG[ZVS>J�N�J&KRXoE
K��jJ<Q ZV=RC OgE a Á d Ç e d º�SHOPK#OPK²¨«J&Q!CF;>KRJ�ZVSHJ\OgEHQ&XoN#OgEHG,�H; 8 XF¸ �H=ROPN»CF= l�Q&XoKRN#OgQ�E�;HQ&AgJ&OpOPK²EHXFZ
�H=BJ<Q<OPKRJ&APl�L�EHX�®-EYCFEHI�ZVS>J�=RJ<APJ&�WCFEmZ�S±CWIH=RXoE>OgQ�Q&=RXoKBKpKBJ<Q ZVOgXFEHK-CF=RJ,N�J<CFKR;H=BJ<I�XoEHAÊl�CMZ-AgX�® J<E �
J<=BGoOgJ&K,CWEHI]OPE]C�AgOPN�OÊZVJ<I �>S±CFKRJ�K��±CWQ<J�=BJ<GoOPXoE¿d´º�SHJ<KBJ �H=RJ&IHOgQ ZVOPXoEHK-S±C!�oJ�GmCFOgE>J<I\OgN#�«Xo= ZTCFE>Q<J
OgE ZRSHJ�ADCWKBZ^¸�J ® IHJ&Q!CFI>J<K1�¥CFK�ZRSHJ�N�XF=RJ�CFE>I N#Xo=BJ�KRX"�>SHOgK ZVOgQ<CWZVJ&I EHJ<;�ZV=ROPEHX �±; 8 N�J<CFKR;H=BJ �
N#J<EmZVK´=RJ&�FJ!CFAPJ<I�C°KROPGoEHO�
HQ!CFEmZ´IHO"!«J<=BJ<EHQ&J,¨jJ&Z ®´J<J<E�ZRSHJ@J 8 �«J&=ROgN#J<EmZVCFA«=BJ<KB;HAPZRK � © + � © -��<6 Ç �jCFEHI
ZVS>J<Xo=BJ&ZVOPQ!CFA`Q<CFAgQ&;HADCMZVOgXFEHK � -�� - Ç ��d
Æ¥J&Q!CF;HKBJ,XF¸jZVS>J@Q&AgXoKBJp=BJ<AgCWZVOPXoE²XF¸_CWZVN#XoK��>SHJ<=BOgQ�N^;HXFEHK¶CFEHI#EHJ<;>ZR=ROPEHXoK�IH;HJ-ZVX[ZVSHJ&Og=
Q&XoN�N#XoE
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Xo=ROPGoOgE��FC �H=RJ&Q<OPKRJ-IHJ&ZRJ<=BN�OPE±CWZVOPXoE^XF¸§ZRSHJ�=RJ&ADCWZROP�oJ&APl�J!CFK l^ZVX�N#J!CWKR;H=BJ�N^;HXoE �±; 8�®-OgAPA>OgN#�H=BXv�FJ
CFAgKBX^ZVSHJ�L�EHX�®-AgJ&IHGoJ[XF¸�ZVSHJ�E>J<;>ZR=ROgE>X �H; 8«d´Æ´J&¸�Xo=BJ�GoOP�nOgE>G²C²N�Xo=BJ ��;±CFEmZVOÊZTCWZROP�FJ�IHJ<KBQ<=RO �>ZVOPXoE
XF¸`ZVSHOPK¥Q&AgXoKBJ�=RJ&ADCWZROgXoE��mZRSHJ �H=BX"�«J&=BZROgJ<K´XF¸xZVSHJ �±CF=BZROgQ&AgJp¨«J<CFNiOPN��>OgEHGoOPEHG[XoE»ZRSHJ�CWZRN�XoK��HSHJ&=RJ
®-OgAgA«¨«J[=BJ&�nOgJ ®¥J&IY¸�XoAPAgX�®¥J&I�¨�l�C#KBSHXo=BZ-I>J<KRQ&=RO �>ZVOPXoEYXW¸�ZRSHJ°CWZVN#XoK��>SHJ<=BOgQ�ZTCW=RGoJ Z!d

��� � 	 ��� �-�#���  !� ���^���� !��
&� �������

� E 
HGo;H=RJ Á dP©^ZRSHJ �±; 8�XF¸¶Q<XoKBN�OPQ �±CW=BZVOPQ<APJ<K�CF=B=ROÊ��OPEHG�CMZ�ZVSHJ²J<CF=BZRS�� K[CWZVN#XoK��>SHJ<=BJ^OgK�KBSHX�®-E¿d
º�SHJ �±; 8 OPK^GoOP�FJ<E ¨ml ZVS>J\E�;HN�¨«J&=²XF¸$�±CF=BZROgQ&AgJ<K �«J&=�ZROgN#J.��CF=BJ!C���KBXoAgOPI CFEHGoAPJ�CFEHI J&EHJ<=BGFl
OgEmZVJ&=B�WCFA�d�À,K�Q<CFE�¨«JÄKBJ<J&E��nZRSHJ�Xo¨HKBJ<= �oJ<I#�±; 8^OgK�K ZVJ<J*�HAPl�¸cCFAgAPOgEHG-®-OPZRS#J&EHJ<=BGFlod�º�SHJ-N�J<CFKR;H=BJ<I
�±CF=BZROgQ&AgJ[K��jJ<Q ZV=R;>N OPK-Q<X��oJ&=ROgE>G»Z ®¥J&AP�FJ�IHJ&Q!CFIHJ&K�OgE\J<E>J<=RGWl]CWEHIY®-OÊZVSHOPE�ZRSHOgKp=VCWEHGoJ.�±ZRSHJ:�±; 8
IH=RX"�>K ÇoÁ XF=RIHJ&=RK-XF¸�N�CFGoE>OPZV;>IHJFd
Æ¥J<APXv® CW¨«Xo;�Z�© ÎoÎ U[J0) �nZVSHJ$�±; 8»OgK¥KB;�&#Q<OPJ<EmZVAÊl»AgCF=RGoJ �mZVS±CWZ´ZVSHJ �±CF=BZROgQ&AgJ<K¶Q!CWE�¨«J@N�J<CFKR;H=BJ<I
IHOg=BJ<Q&ZRAPl OPE1KRS>Xo=BZ�¨±CFAPAgXnXoE �±OgGoSmZRK<d�º�SHJ�J&EHJ<=BGFl =VCFEHGFJY;HEmZROgA@CF¨«XF;>Z]© ÎoÎ º�J*)ªOgK�Q<X��oJ&=RJ&I
¨�l]AgXoE>G»IH;H=RCWZVOPXoE�¨±CWAgAgXnXoE��±OgGFS�ZRK,Xo=@KVCWZRJ<APAgOPZRJ�J 8 �«J&=ROgN#J<EmZRK<d[Æ¥J loXoEHI	ZRSHJ<KBJ²J<EHJ&=RGoOPJ<K1�_XoEHAPl
OgEHIHOP=RJ&Q&Z�N#J!CWKR;H=BJ<N#J<EmZVK[CF=BJ²C!�WCFOgAgCF¨HAgJWd�º�SHJ²J 8��jJ<=BOgN#J<EmZTCWA�ZVJ&QTSHEHO �n;>J<K[OgEHQ&Ag;HI>J²CFOg=@KRSHX�®´J<=
CF=R=RC�lnK*��®-SHOPQTS OPE>¸�J<=�ZRSHJ�J<EHJ&=RGFl XF¸¶ZVS>J#�>=ROgN�CF= l �±CF= ZVOPQ<AgJ�¸�=RXoN%ZRSHJ�E�;HN^¨jJ<=°XF¸¥KBJ<Q&XoEHI±CF= l
KRSHX�®´J<=$�±CF=BZROgQ&AgJ<K�XF¨HKRJ&=B�oJ&I�CWZ-GF=RXo;HE>IYAPJ&�oJ&A �±CWEHI �±;HXo=BJ<KRQ&J<EHQ&J�IHJ ZVJ&Q&ZVXF=RK-®-SHOgQTS\IHJ&ZRJ<Q ZpZRSHJ
�±;HXo=BJ<KRQ&J<EHQ&J�APOgGoSmZ�XF¸�KRS>Xv®´J<=BK �H=BX�I>;HQ<J&IYOPE�ZRSHJ°CWZVN#XoK��HSHJ<=BJFd
º�SHJ�XF¨HKRJ&=B�oJ&I �H=BOgN�CF=BlYK��jJ<Q ZV=R;>N2OgK�=RJ&N»CW=RLMCF¨HAÊl]¸�J!CMZV;H=BJ<AgJ&KRK�CFEHI Q!CWE ¨jJ�IHJ<KBQ<=ROP¨«J&I�¨mlÍC
KROgN#�HAPJ �«X�®´J<=pADC!® 
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®-OPZVS1CÍK��«J&Q&ZR=VCFApOgEHI>J08 XF¸�� > Á @¡­	X��oJ<=»CÍ®-OPIHJYJ&EHJ<=BGFl =VCFE>GoJY¨jJ&Z ®´J<J&Es© Î U[J0)ªCFE>I C
¸�J&®sk�J*)�d
ÀÄZ,APXv®´J<=pJ<E>J<=RGFOgJ<K*�«E>XFZ@CFAgAB�±CW=BZVOPQ<APJ<K-Q!CFEY=RJ<CFQTSYZRSHJ�J<CF=BZRS]¨jJ<Q<CF;HKRJ�XF¸�ZRSHJ�KBSHOgJ&AgIHOPEHG�XF¸�ZRSHJ
GoJ<XoN�CFGoE>J&ZVOPQ 
±J&AgI�CWEHI�ZVSHJ�KBXoADCW=�®-OgE>I�J<N#OPZRZRJ<I ¨ml)ZVSHJ�KB;HE��@CFEHI�Q<XF=R=RJ&K��jXoEHIHOPEHGoAÊl ZRSHJ
Xo¨HKRJ&=B�FJ<I�K��«J&Q&ZV=B;HN�KBZVCF=BZRK%�§CWZRZRJ<EHOPEHG�¨«J&AgX�® © Î U[J0)^d
ºÄ®¥X�QTS±CWEHGoJ<K,XF¸
ZVSHJ�K��jJ<Q ZV=VCWA�OgE>IHJ08YKRJ&J<N4ZVX�SHC.� �jJ<E CWZ@SHOgGFS]J<E>J<=RGFOgJ<K&·-ÀÄZ�C�¸�J ® k�J*) �¿C
KBZVJ&J1�jJ<EHOPEHG�XF¸
ZVS>J^K��jJ<Q ZV=R;>NªQ!CFAPAgJ&IYZVS>J � L�EHJ&J �¿OPK�Xo¨HKBJ<=B�FJ<I��¿®-S>J<E���QTSHCFEHGoJ&K[¸�=BXoN Á df­�ZVX
CF¨«XF;>Z Ç d�º�S>J#XF=ROgGFOgE�XF¸¶ZVS>OgK�QTS±CWEHGoJ.�xZVS>Xo;HGoS IHOPKRQ<X��FJ<=RJ&I�CW¨«Xo;�Z[S±CFAP¸´C�Q<J&EmZV;H= l CFGoX�� ¬ Ç �<�
OgK�KBZROgAPA_;HEHQ&AgJ<CF=<d
À �jXoKRKBOg¨HAPJ�J08 �HAgCFE±CWZROgXoE�OPK1�>ZRS±CWZpCWZ�ZRSHJ<KBJ°J&EHJ<=BGoOgJ&K�ZVSHJ[N�CvÃBXo=ÄN#J<QTS±CWEHOgKBN
¸�Xo=�CFQ&Q<J<APJ<=RCWZVOPEHG�ZVS>J �±CF= ZVOgQ&AgJ&K�KBZVCF=BZRK»ZVX GoJ Z�OgE>J*&#Q<OPJ<EmZ!d¤º�SHOPK�N�J&QTS±CFEHOPKRN OgK�Q&;H=R=BJ<EmZVAÊl
ZVSHXo;>GoSmZÄZVX^¨jJ�C�K ZVXnQTS±CFK ZVOgQ�CFQ<Q&J<AgJ&=VCWZROgXoE � +W¬��_OPE»ZVS>J�KRSHXnQTL�¸�=BXoEmZVKÄXW¸xKR; �jJ<=BEHX��FC^=BJ<N#E±CFEmZVK*�
®-SHOgQTS�E±CWZV;>=VCFAPAPl�J08 �HADCWOgEHK
ZVS>J@Xo¨>KRJ<= �oJ&I �«X�®´J<=¶ADC!®1CFEHI»Q<CFE#�H=RX��nOgIHJ �±CW=BZVOPQ<APJ<K�; ��ZVX�CF¨«XF;>Z
© ÎoÎ º�J0) � © ÎFÎ ��d
Â@J&�FJ<= ZVSHJ&AgJ<KBK1�±ZVS>J�Xo¨HKRJ&=B�FJ<I\K��jJ<Q&ZR=R;HNiQ<XoEmZROgE�;HJ<K-; ��ZRX�© ÎoÎ ?
J*) �HOgE>IHOgQ<CWZVOPEHG�ZRSHJ �H=BJ<KRJ&EHQ<J
�
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Energy (eV/particle)
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LEAP (balloon)

PROTON (satellite)

RUNJOB (ballon)

AKENO (air shower)

Flys Eye (fluorescence)

Φ(E)=Φ0E
-2.7
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nucleon energy [GeV]
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XF¸�XFZRSHJ<=°KRXo;>=RQ<J&K�XF¸�CFQ<Q&J<AgJ&=VCWZROgXoE a KRJ<J � 6 Ï ��¸�Xo=°CY=RJ �nOgJ&® XFEÍZRSHOgK[ZVX"�>OgQ�e�CFE>I ZVS>J»K��jJ<Q ZV=RCFA
KRAgX.�«J�QTS±CWEHGoJ<K@CFGmCWOgE�CWZ�ZRSHJ��fCFE>LnAPJ �§CF=BXo;HEHIÍ© Î ?
J*)�d
º�SHJ��±CF= ZVOPQ<AgJ&K)XF¨HKRJ&=B�oJ&I CWZ1ZRSHJ SHOPGoSHJ&KBZ J&EHJ<=BGoOgJ&K CF=BJ XoE>J XF¸	ZRSHJ N�CvÃBXo= �H;H:&:<AgJ&K XF¸
Q<XoKBN�OPQ^=VC!l �>S�lnKBOgQ<K*��CWK[CWZ�ZVS>J<KRJ�J&EHJ<=BGoOgJ&K�ZVSHJ �±CW=BZVOPQ<APJ<K�KBSHXo;HAPIÍOPEmZVJ<=RCFQ&Z�®-OÊZVS�ZRSHJ²Q<XoKBN�OPQ
N�OPQ<=RX�®¥C!�oJ�¨±CWQTLnGF=RXo;HE>I =RCFIHOgCWZVOPXoE1CWEHI ZVSHJ&=RJ ¸�Xo=RJ�E>XFZ�¨jJ	CF¨HAPJYZRX =RJ<CFQTS�J!CF= ZVS ¸�=BXoN ¸cCF=
IHOgK ZTCFEHQ&J<K a ZVS>J�KRX�Q!CFAPAgJ&I�U�=RJ&OgKRJ&E � Ë¿CMZVKRJ*�HOgE ��� ;H:<N#OgE�Q&;>ZVX�! � 6"-�� © Ï ©	�De0�±XF=@Xo=BOgGoOPE±CWZRJ[®-OÊZVSHOPE
Xo;H=�GmCFAgCFQ&ZROgQ�EHJ<OPGoS�¨«Xo=BSHXnX�I CWZ[I>OgKBZVCFEHQ&J<K��[© ÎoÎ ���jQ.�`®-SHJ<=BJ�EHX��«XoKBKROP¨HAgJ²KBXo;H=RQ&J<K[XF¸´KR;HQTS
SHOgGoS�J&EHJ<=BGoJ&ZROgQ[J&�FJ<EmZVK,CF=RJ�L�EHX�®-E¿d
º�SHJ �H=BOgN�CF=Bl°J<E>J<=RGFOgJ<K�=RJ&K��jXoEHKROP¨HAgJ´¸�Xo=�ZRSHJÄN^;HXFEHK�N#J!CFKB;H=RJ&I²OgE�ZRSHOgK�CFE±CFAÊlnKROgK�CF=RJ´J<K ZVOgN�CWZRJ<I
®-OPZVS�CFE CFOg=pKRS>Xv®´J<=�KBOgN^;>ADCWZROgXoE �H=RXFGo=VCFN � +o­ ��CFEHI	KBSHX�®-E CWK@ZVS>J^SHXo=BOg:<XFE�ZVCFA�CF=RJ<CFK�OgE Á dP©Fd
À,K�Q!CWE�¨«J�KBJ<J&E��HN^;HXFEHKÄ¨jJ<AgX�®�+�º�J*)¤CF=BJ�N�CFOgEHAÊl�Xo=ROPGoOgEHCWZVOPEHG°¸�=BXoN ZVSHJ�KB;H¨ � � L�EHJ&J �HJ&EHJ<=BGFl
=RJ<GFOgXoE¿d

º�SHJ�Q<XoKBN�OPQ^E�;HQ<APJ<O
SHOÊZRZVOPEHG»ZRSHJ�CWZVN#XoK��HSHJ<=BJ�XF¸�ZVSHJ�J!CW=BZVS Q&Xv�FJ<=[J<APJ<N#J<EmZVK�¸�=BXoN SmlnIH=BXoGoJ<E
; ��ZVX�;H=VCWEHOg;HN\d�º�S>J°AgCF=RGFJ<KBZ¥¸�=VCFQ ZVOgXFE�XF¸xZVSHJ[CFAPA_E�;HQ&AgJ<XFE��H; 8�OPK�Q<XoEmZV=BOg¨H;�ZVJ<I�¨ml�SmlnIH=BXoGoJ<E
En;>Q<AgJ&O a ­.+ 2 CWZ�© Î U�J*)��WE�;HQ<APJ<XoE±e0�>¸�XoAPAgX�®´J<I�¨ml�S>J<AgOP;HN E�;HQ<APJ<O_®-SHOPQTS�N»CWLFJ�; � © 6 2 XW¸�ZRSHJ
ZVXFZVCFA �±; 8�CWZ�© Î U�J*)��WE�;HQ<APJ<XoE � ­"+ ��d ¾ SHJ<=BJ!CFK�ZVSHJ#=RJ&ADCWZROP�oJ�CF¨H;>EHI±CFEHQ&J<K^XW¸ÄZVSHJ�IHO"!«J<=BJ<EmZ
QTSHJ<N#OgQ<CFA�J<APJ<N#J<EmZVK[Q<CFE �>=RX��nOgIHJ²OPE>¸�Xo=RN�CWZROgXoEHK@XoE ZVSHJ�CFK ZV=BX"�HSmlnKROgQ<CFA�Xo¨nÃBJ&Q&ZVK°CFQ&Q<J&AgJ<=RCWZVOPEHG
ZVSHJ4�±CF= ZVOPQ<AgJ&K1��OgE�ZVS>J°APOgGoSmZ¥XF¸�N�;HXoE\CFEHI�EHJ&;>ZV=BOgEHX �H=BX�IH;>Q&ZVOPXoE�OgE�ZRSHJ°CWZVN#XoK��HSHJ<=BJ.�±N�CFOgE>APl
�



ZY
2ZY
�� ��	 � ��� ���,��� 	������ �M������	��

ZVS>J°E�;HQ&AgJ&XoEYQ&XoEmZVJ&E�Z@XF¸�ZVSHJ[Q<XFKRN#OgQ7�±CF= ZVOPQ<AgJ,¨«J<CFN OgK�XW¸�OPE�ZRJ<=BJ<KBZ<d�º�SHJ�=RCWZVOPX²XF¸ �H=RXFZRXoEHK�ZVX
CFAPAHE�;HQ<APJ<XoEHK¶=RJ<CFQTSHOPEHG°ZRSHJpCWZVN#XoK��HSHJ<=BJ-XF¸«ZRSHJpJ!CF= ZVS#OgK
KRS>Xv®-E�OgE 
±Go;>=RJ Á d Á CFK¶C�¸�;HEHQ ZVOgXFE#XW¸
E�;HQ<APJ<XoEÍJ<E>J<=RGWlod � Z�®¥CFK[Q!CFAPQ<;HAgCWZVJ&I	;HKROPEHG �±CF=RCFN#J&ZVJ&=ROP:!CWZROgXoEHK � Ç -���6"+ �
XF¸¶Q<;>=R=RJ&EmZ:�>=ROgN�CF= l
�±; 8�N�J<CFKR;H=BJ<N#J<EmZVK*�M®-S>OgQTS[®-OgAgAW¨«J�¸�;>=BZVS>J<=`IHOPKRQ<;>KRKRJ&I�OPE�QTS±C.�>ZRJ<=�­�d�À,K`Q!CWE�¨jJ
KRJ&J<E����H=RXWZVXoEHK
IHXoN#OgEHCWZVJpZVSHJ�Q&XoKRN#OgQ@E�;HQ<APJ<XoEHK �H; 8�X��oJ&=ÄZVSHJ@¸�;HAgAjJ<EHJ&=RGFl»=VCFE>GoJ�Q<;>=R=RJ&EmZVAPl»OgEm�oJ&KBZROgGmCWZRJ<I�¨ml
IHOP=RJ<Q Z�N#J!CFKB;H=RJ&N�J&E�ZRK<d�ÀÄZ,SHOgGoS]J<EHJ&=RGoOPJ<K1�«ZVSHJ �>=RXFZRXoE]ZVX»En;>Q<AgJ&XoE	=VCMZVOgX�KRAPOgGoSmZVAÊl�IHJ&Q<=RJ<CFKRJ&K
CFK#KRXoN#J�XF¸@ZVSHJ�N#J!CFKB;H=RJ&N�J&E�ZRK�I>J&ZVJ&=RN#OgEHJ&I1C IHO !_J&=RJ<EmZ#K��jJ<Q ZV=RCFA-OgEHIHJ 8 ¸�Xo=²ZVS>J �>=ROgN�CF= l
SmlnIH=RXoGFJ<E�CWEHIYS>J<AgOP;HN En;>Q<AgJ&OB�±; 8�� ÇoÇ ��d

� � � 	 ��� ���
� �#���	�����¶ <� ���^�����,�
º�SHJ°CWZRN�XoK��HSHJ&=RJ�XF¸xZVS>J�J!CF= ZVS�Q<XFEHKROPKBZVK�N�CFOPEHAPl#Xo;>ZÄXF¸�EHOPZR=RXoGoJ&E�CFEHI�X 8nl�GFJ<E��±Q&XoEmZV=ROP¨H;>ZROgEHG
ZVX°ZVSHJpZVXFZVCFA§E�;HN^¨jJ<=¶XF¸xCWZRN�XoK��HSHJ&=ROgQpE�;HQ<APJ<O±®-OPZRS�C[¸�=VCFQ ZVOgXFE�XF¸ Î d¡­ -�CFEHI Î d Á ©,=BJ<K��jJ<Q ZVOÊ�oJ<AÊlod
h±Xo=�ZVSHJ°IHJ&KRQ<=BO �>ZROgXoE�XF¸�ZVSHJ°IHJ �oJ<APX"�HN#J<EmZ@XF¸�ZRSHJ[Q!CFKBQ!CFIHJ&K,OPE\ZRSHJ�CMZVN#XoK��HS>J<=RJ �±OPZpOgK-Q&XoEm�oJ �
EHOPJ<EmZ�ZVX»;HKRJ�ZRSHJ^CWN�Xo;>E�Z,XF¸
ZV=RC!�oJ<=BKRJ&IÍN�CWZBZVJ<= � a XW¸�ZVJ<E]Q!CFAPAgJ<I\ZVSHJ�� KBADCFEmZ�I>J1�>ZRS��¡ep=VCWZRSHJ<=
ZVSHCFE\ZRSHJ[SHJ<OPGoSmZ��]CF¨jX��oJ�ZVSHJ[Go=BXo;HEHI_·
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¼@J&=RJ � a �§e¶OgK�ZVS>J�CFOP=´IHJ&EHKROÊZ l�CWZ�C°GoOP�FJ<E�SHJ&OgGoSmZÄCFEHI»OPE�ZRSHJ�ADCWKBZ¶KBZRJ1��CFE�C � �H=RX 8�OgN�CWZROgXoE²¸�Xo=CFE\OgKBXFZVSHJ&=RN�CFA¿CMZVN#XoK��HS>J<=RJ�®-OÊZVS�KRQ<CFAgJ[SHJ&OgGoSmZ�� 
 ®¥CFKp;HKRJ&I¿d
º�SHOPK�C.� �H=BX 8>OPN»CMZVOgXFE\GFOP�oJ&K�C»GoXnXnI]IHJ&KRQ<=BO �>ZROgXoEYXF¸
ZVS>J^N»CMZRZVJ&= �>=RX 
±APJ�OPEYZVS>J�KBZR=VCWZRXoK��>SHJ<=BJ
CWZ�CWAPZVOÊZV;HI>J<K»¨jJ&Z ®´J<J&E © Î CFEHI ÏmÎ L�N ��®-SHJ<=BJÍN#XoK Z�XF¸�ZRSHJ	SHOgGFS J<EHJ&=RGoJ ZVOPQ	CWZVN#XoK��HSHJ<=BOgQ
N^;HXFEHK¶CF=RJ�Q&=RJ!CMZVJ<I_d�h§XF=�ZVSHOPK
ADC!loJ&=�XF¸«ZRSHJpCWZVN#XoK��HSHJ<=BJÄZVSHJ-KBQ!CFAPJ�SHJ<OPGoSmZ�� 
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º�SHJ�=RJ<AgCWZVOPXoE a Á d +oe�OgK��WCFAgOPI\¸�XF=-�FJ<= ZVOgQ<CFAgAÊl�OgE>Q<OgI>J<EmZ �HCF=BZROgQ<APJ<K&dÄÀÄZ,=BJ!CFKBXoE±CF¨>APl�KRN�CFAPA`:<J<E>OPZVS
CFEHGFAgJ<K a���� 6 Î /Te �H¸�Xo=Ä®-SHOPQTS\ZRSHJ[K��HSHJ&=ROPQ!CFA`GoJ&XoN#J&ZV= l�XF¸�ZVSHJ[J<CF=BZRS\Q<CFE\¨«J[EHJ&GoAgJ&Q&ZVJ&I��±OPZ-OPK
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KRJ<CFKRXFE±CFA
QTS±CFE>GoJ�XF¸�� 
 OgK�Xo¨>KRJ<= �oJ&I¿d�º�SHJ �«XoKBKROP¨HAgJ²=BJ<ADCMZVJ<I	OPE��±;HJ&EHQ<J�XoE ZVS>J²N^;HXoE �±; 8�J&K
®-OgAPA¿¨jJ�¸�;H=BZRSHJ<=-IHOPKRQ<;>KRKRJ&I�OgE�KBJ<Q ZVOgXFE,6>d Ï d +�d �
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h§XF=@ZVS>J²Q!CFAPQ<;HAgCWZVOPXoE]XF¸
ZRSHJ²Go=BXo;HEHI	APJ&�oJ&A�N^;HXFE	CFEHI EHJ&;>ZV=BOgEHX�K��«J&Q&ZR=VC��¿ZRSHJ �±CF= ZVOgQ&AgJ&K �H=BX �
IH;HQ<J&IYOPE�ZVSHJ�OPEmZVJ<=RCFQ&ZROgXoE�XW¸�ZRSHJ4�H=ROPN»CW=Bl#�±CF= ZVOgQ&AgJ&K¥®-OPZRS�CFE\CFOg=ÄE�;HQ&AgJ&;HK�EHJ<J&I\ZRX�¨«J�ZR=VCFEHK �
�«Xo= ZVJ&I1ZVSH=BXo;HGoS ZVSHJ]CWZVN#XoK��HSHJ<=BJFd º�SHJ<KBJ	KRJ&Q<XoEHIHCF=Bl �±CF= ZVOgQ&AgJ&K#ZRSHJ<N#KRJ&AP�oJ&K�Q!CWE OgEmZVJ&=VCFQ Z
®-OPZVS�ZVSHJ�CMZVN#XoK��HS>J<=ROPQ,N�CWZVJ&=ROgCFA§CFEHI �H=BX�I>;HQ<J�CWEHXFZVS>J<=ÄKB;H¨ � KBSHX�®¥J&=<d�º�SHJ&=RJ&¸�XF=RJ[C�Q&XoN��>AgJ&ZRJ
IHJ<KBQ<=RO �>ZVOPXoE�XF¸�CWE�CFOg=¶KRSHX�®´J<=�=BJ���;HOg=BJ<K-C�Q&XoN#�HAgOPQ!CWZRJ<I»KBJ&Z�XW¸xQ<Xo; �>AgJ<I�ZR=VCFE>K��jXo=BZ¥J���;±CWZROgXoEHK*�
®-SHOgQTS\Q!CFE\EHXFZ-¨jJ[KRXoAÊ�oJ&I]CFEHCFAPl�ZVOPQ!CFAPAPlFd
º�SHJ<Xo=BJ&ZROgQ!CWA��H=RJ&IHOgQ ZVOPXoEHK¥XW¸�ZRSHJ�Go=BXo;HEHI�APJ&�oJ&A¿N^;HXFE�CFEHI�EHJ&;>ZV=BOgEHX �±; 8>J&KpCF=RJ�Q&XoEHKBJ���;HJ<EmZRAPl
Q!CFAPQ<;HAgCWZVJ&I�E�;HN#J<=ROPQ!CFAPAPl � ÏoÏ � Ï + �!© Î + �¶Xo=[®-OPZVS�CYIHJ ZTCFOPAgJ&I �YXoEmZRJ�ÉÄCF=RAPXYKBOgN^;>ADCWZROgXoE XF¸ÄZRSHJ
KRSHX�®´J<=�I>J&�oJ&AgX"�>N�J&E�Z1��OPE ®-S>OgQTS ZRSHJ#�±CF=BZROgQ&AgJ<K[CW=RJ�J08 �HAPOgQ<OÊZVAÊl]ZV=RCFQTLFJ&I�¸�=RXFN%ZVSHJ&Og=7�jXoOgEmZ°XF¸
Xo=ROPGoOgE[ZVX,ZRSHJÄEHJ 8nZ
OgEmZVJ&=VCFQ ZVOPXoE^Xo=�IHJ<Q<C�l � -�� ÇmÁ � - Ç ��© Ç ­ ��d ��EHJ´XF¸±ZVS>J<KRJ�KBOgN^;>ADCWZROgXoE4�H=BXoGo=VCWN�K*�
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À,APZRSHXo;HGFS CFE±CFAÊlnZROgQ<CFA�C � �H=RX 8�OgN�CWZROgXoEHKpQ!CWEÍE>XFZ�Q<XFN��jJ&ZRJ�®-OPZRS�ZVSHJ&KRJ�N�J ZVSHXnIHK�Q&XoEHQ&J<=RE>OgEHG
ZVSHJ�CFQ&Q<;H=RCFQ&l�XF¸�ZVS>J�=RJ<KB;HAPZ1��ZVSHJ l Q<CFE �H=RX��nOgI>J�C];HKRJ ¸�;HAÄZVXnXoA�¸�Xo=�;>EHIHJ<=BKBZVCFEHIHOPEHG	ZVSHJ�I>J �
�«J&EHIHJ<E>Q<J�XF¸-ZVSHJ�CWZVN#XoK��>SHJ<=BOgQ»N�;HXoE CFEHI E>J<;>ZR=ROgE>X �±; 8�J<K�XoE ZRSHJ�LFJ l OgE��H;>Z ��;±CFEmZROPZVOPJ<K*�
KR;HQTS CFK,ZRSHJ �H=ROPN»CW=Bl�K��jJ<Q ZV=B;HN2CFEHI�ZRSHJ²S±CFI>=RXoEHOPQ�OPE�ZRJ<=RCFQ&ZROgXoE �HCF=VCFN#J&ZRJ<=BK<d[º�SHJ<=BJ&¸�Xo=BJ.��C
®-OgIHJ&APl�;HKRJ&I�CWE±CFAPl�ZROgQÄC � �H=RX 8�OgN�CWZROgXoE�®-OPAgAn¨«J¥¨H=ROPJ*�Hl�IHJ<KBQ<=ROP¨«J&I�SHJ<=BJFd � E²ZVS>J¥¸�XoAgAPX�®-OgEHG@XoEHAPl
ZVSHJ�N�CvÃBXo= � OgEHGo=BJ<IHOPJ<EmZVK ��®-OPAgA�¨jJ»IHOPKRQ<;>KRKRJ&I CFEHI ZVS>J»=RJ<CFIHJ&=^OgK°=RJ ¸�J<=R=BJ<I ZRX � ÏFÏ � 6 Á � 6 Ï �¶¸�Xo=
Q<XoN#�HAgJ ZVJ�IHJ&=ROÊ�FCMZVOgXFE�XF¸�ZRSHJ�¸�Xo=RN�;HADCFJWd
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À,K�KBJ<J<EÍCF¨jX��oJ �¿ZVSHJ^K��«J&Q&ZR=R;HN XF¸?�H=ROPN»CF= l��±CF= ZVOgQ&AgJ&K,OgKp®¥J&AgA�IHJ<KBQ<=ROP¨«J&I ¨�l�C �jXv®´J<=�AgC!®¤OgE
ZVSHJ#=RJ&AgJ&�WCFEmZ�J<EHJ&=RGFlÍ=RCFEHGoJWd � E ZRSHJ�KBX � Q<CFAgAPJ<I KR;��«J&=��jXoKROÊZVOgXFE�C.���H=RX 8�OgN�CWZVOPXoE	OPZ°OPK[¸�;>=BZVS>J<=
CFKRKB;HN�J&I ZRS±CWZ�C	E�;HQ&AgJ<;>K#XW¸@N�CFKBK � ®-OPZVS J&EHJ<=BGFl � Q<CFE ¨«J�ZR=RJ!CMZVJ<I CFK ��OPEHIHJ*�«J&EHIHJ<EmZ
En;>Q<AgJ&XoEHK²XF¸pJ&EHJ<=BGFl ? �WÀ�d�º�SHOPK^KROPN��HAPO�
±Q<CWZVOPXoEÍOgKpÃB;HK ZVO

±J<I ¨ml�ZRSHJ»¸cCFQ Z ��ZRS±CWZ�CWZ^J<EHJ&=RGoOPJ<K
=RJ<APJ&�WCFEmZ-¸�Xo=-CFOP=ÄKRSHX�®´J<=BK@ZVS>J°¨>OgEHIHOPEHG²J<E>J<=RGFOgJ<K-XF¸�ZVS>J°E�;HQ&AgJ&XoEHKpQ!CFE�¨jJ°E>J<GoAPJ<Q&ZRJ<I¿d
h§;>=BZVS>J<=RN#Xo=BJ.��CFAPA��H=BOgN�CF=Bl�E�;HQ<APJ<XoEHK¶CF=BJ�KR; ���«XoKBJ<I#ZVX�¸�XoAgAPX�® ZRSHJ�KVCWN�J-J<E>J<=RGWl²IHJ1�jJ<E>IHJ<EHQ&J.�
KR;HQTS\ZVS±CWZ�ZRSHJ�ZVXFZVCFA¿E�;HQ&AgJ<XFE �±; 8\=RJ!CWIHKpCFK
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±=BKBZ,ZRSH=RJ&J�=BXv®-K*�«ZRSHJ°�WCFAP;HJ<K$�H=BJ<IHOPQ&ZVJ&I�¨ml�ZVSHJ�S±CFIH=BXoEHOgQ°OgE �
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IH=RC�®-E_·

� º�SHJ»N^;HXoE(�±; 8 �H=RX��nOgIHJ&K^C]Q&=R;HQ&ODCFA
ZRJ<KBZ�¸�Xo=°ZRSHJ»;>EHIHJ<=BKBZVCFEHIHOPEHG�XF¸�SHCFIH=RXFEHOgQ#OgEmZVJ&= �
CFQ ZVOPXoEHK�OPE ZRSHJ�CWZRN�XoK��HSHJ&=RJ�CFE>I�ZVSHJ�L�EHX�®-AgJ<I>GoJ�XoE�ZRSHJ»OPEHQ<XoN#OgE>G �±; 8 XF¸ �>=ROgN�CF= l
E�;HQ&AgJ<XFEHK<dÌU�OP�FJ<E1ZRSHJ�ADCW=RGoJ\;HEHQ&J<=BZVCFOgEmZROgJ<K�XF¸�ZVS>J<KRJ	N#XnIHJ<APK»CFK�J08�J<N#�HAPO�
±J&I OgE1ZVC �
¨HAPJ Á dÊ©"�xC�GoXnX�I	L�EHX�®-APJ<IHGoJ²XW¸´ZRSHJ²N^;HXoE �H; 8	Q<CFE SHJ<A � ZRX�ZV;HE>J^ZVSHJ �±CF=RCFN#J&ZVJ&=RK�XW¸
CFOP=�KRSHX�®´J<=pKROPN^;HADCMZVOgXFEHK<d

� º�SHJ&=RJ²OPK�C»Q&AgXoKBJ�=RJ&ADCWZROgXoE\¨jJ&Z ®´J<J<E CWZRN�XoK��HSHJ&=ROgQ°N^;HXFEHK�CFEHI]EHJ<;>ZR=ROPEHXoK<d,º�SHJ �±; 8�J&K
XF¸¥ZVSHJ#Z ®¥X	CW=RJ»I>J&ZVJ&=RN#OgEHJ&I�¨mlÍZVSHJ�KVCFN#J�SHCFIH=RXFEHOgQ#OgEmZVJ&=VCFQ ZVOPXoE �HCF=VCFN#J&ZRJ<=BK<dYÆ¥XFZVS
CF=BJ[IHOg=BJ<Q&ZRAPl �H=RX"�jXo= ZVOgXFE±CFA«ZRX �H=ROPN»CF= l��H; 8YCFEHI�E�;HQ<APJ<XoEYCWZBZVJ<E�;±CMZVOgXFE
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Q<CFEY¨jJ[IHOgN#OgE>OgKRS>J<I�¨ml�C �H=RJ&Q<OPKRJ°LnE>Xv®-APJ<IHGFJ°XW¸�ZRSHJ°CWZVN#XoK��>SHJ<=BOgQ�N^;HXFE��H; 8«d

� ¼pXv®´J&�FJ<=*��IH;HJ�ZVX\L�OgEHJ&N»CWZROgQ^=BJ!CFKBXoEHK[ZVSHJ#Q<XF=R=RJ&ADCWZROgXoE	¨jJ&Z ®´J<J&E N^;HXFE�CFE>I EHJ&;>ZV=BOgEHX
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ZVS±CWE ¸�XF=^N^;HXoE>K<d�º�S>OgK²OgK�IHOgK��HADC!loJ&I OgE 
±Go;>=RJ Á d Ï �
®-SHJ<=BJ�ZVSHJ�¸�=RCFQ&ZROgXoE±CWA´Xo=BOgGoOPE XF¸
ZVSHJ�E>J<;>ZR=ROgE>X�CWEHI�N^;HXoE �±; 8>J&KpCFQ<Q&Xo=RIHOPEHG^ZVX�J �n;HCWZVOPXoEHK a Á d ÇoÇ e¥CFEHI a Á d ÇFÏ e´OgKÄKBSHX�®-E¿d
À,K l�N#�>ZRXFZVOPQ!CFAPAPl"��ZVSHJ � ���±; 8 =RJ<CFQTSHJ&K -m­ 2 CFEHI ZRSHJ � ���H; 8 Á © 2 d	É¥XoEHKRJ ��;HJ<EmZVAÊl"�
�H=RJ&IHOgQ ZVOPXoEHKxXF¸HZRSHJ´E>J<;>ZR=ROgE>X$�±; 8�®-OPAgAo¨jJ¶N^;HQTS�N#Xo=BJ´C !_J&Q&ZVJ&I^¨ml[ZVSHJ¶ADCF=BGoJ
KBlnK ZVJ<N�CWZROgQ
J<=B=RXo=�XF¸�ZVS>J � ���1¸cCFQ&ZRXo=<d

� º�SHJ�N^;HXoE QTS±CW=RGoJ�=VCMZVOgX��_®-SHOgQTSÍOgK�ZRSHJ�=VCWZROgX�XW¸ �jXoKROÊZVOÊ�oJ^ZVX�EHJ&GmCWZROP�oJ�N^;>XoEHK1�`OPK�J08 �
�«J&Q&ZRJ<I�ZVX�¨«J � ©�¨jJ<Q!CW;HKRJ�XF¸`ZRSHJ �jXoKBOPZVOÊ�oJ@QTS±CF=RGFJ�J08�Q<J&KRK�XoE�ZRX"��XF¸_ZVSHJ�CMZVN#XoK��HS>J<=RJWd
�YXo=BJ<X��oJ&=1�_ZRSHJ�AgCF=RGoJ°=VCMZVOgX#XF¸ � ����� 	 � ���	� OgKpJ08 �jJ<Q&ZRJ<I	ZVX�Q!CF;>KRJ²C»=BOgKBJ�XF¸
ZRSHJ�N�;HXoE
QTS±CF=BGoJ²=VCWZROgX#®-OPZVS	J&EHJ<=BGFl"�_¨«J&Q!CF;HKBJ�XF¸
ZVSHJ²AgCF=RGFJ<=-¸�=VCFQ ZVOgXFE�XF¸¶N^;HXoE>K,¸�=RXoN LMCFXoEHK�CWZ
ADCF=BGoJ²J<E>J<=RGWlod#º�SHJ�N�;HXoEÍK��jJ<Q&ZR=R;HN CWK�C�¸�;HEHQ ZVOPXoE XF¸ÄQTS±CW=RGoJ#CFEHIÍJ<E>J<=RGWl Q!CFE ZVS�;HK
¨«J[;HKBJ<I�ZVX#IHJ&ZRJ<=BN�OPEHJ�Xo=�Q<XFEHKBZR=VCFOPE�ZRSHJ<KBJ°¸cCWQ&ZVXF=RK<d
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º�SHJ�N^;HXoE �H; 8�CFE>I\OÊZVKÄI>J1�jJ<EHIHJ&EHQ<J[XoE�ZRSHJ�QTS±CF=BGoJ[CFEHI�N#XoN#J<EmZV;>NiS±C!�FJ°¨jJ<J&E�N�J<CFKR;H=BJ<I
N»CFEmlYZVOgN#J<K,; �ÍZRX�EHX�® ®-OÊZVS	�WCF=ROPXo;HK�J 8��jJ<=BOgN#J<EmZTCWA�ZVJ&QTSHEHO ��;HJ&K<d � E	ZVSHJ^¸�XFAgAgX�®-OPEHG�OPZ,®-OgAgA
¨«J^Q&XoEHQ&J<EmZV=RCWZVJ&IÍXFE�IHOg=BJ<Q Z�Go=RXF;HEHI�APJ&�oJ&A�N#J!CFKB;H=RJ&N�J&E�ZRK<d ¾ SHJ&=RJ<CFK�N�J<CFKR;>=RJ<N#J<EmZRK�OgE]ZRSHJ
CWZVN#XoK��>SHJ<=BJ �jJ<= ¸�Xo=RN#J<I#OgE�¨±CFAPAgXnXoE �±OPGoSmZVK¶S±C!�oJ@ZRSHJ@CFI>�WCFEmZTCFGFJpXW¸¿¨jJ<OgE>G�CF¨>AgJ�ZVX°IHJ&ZRJ<=BN�OPEHJ
ZVSHJ�IHJ&�FJ<AgX.�HN�J&EmZ�XF¸�ZRSHJ^CWOg=-KRSHX�®´J<=*�_ZVSHJ&Og=pN�XFN�J&E�ZR;HN =RCFEHGoJ�OgKpAgOgN#OPZRJ<I�IH;>J�ZVX#ZVSHJ�KRSHXF=BZ
J08 �«XFKR;H=BJ<K �«XFKRKROP¨HAgJWd b J<J*��;HEHIHJ&=RGo=BXo;HEHI�N#J!CFKB;H=RJ&N�J&EmZVK�Q!CWE\=BJ!CFQTS�AgCF=RGFJ,N#XoN�J&EmZTC�IH;>J�ZVX
ZVSHJ�KBSHOgJ&AgIHOPEHG^XF¸`ZRSHJ�N�CWZRZRJ<=¥X��FJ<=R¨>;H=RIHJ&E��±¨H;>Z�ZRSHJ&l»Q!CFE�OPE>¸�J<=¶ZVSHJ,N�XoN#J<EmZR;HNiI>J1�jJ<EHIHJ&EHQ<J
XF¸�ZRSHJ7�±; 8\XoE>APl�OPEHIHOP=RJ<Q ZVAÊl»¨ml�ZRSHJ[QTS±CFEHGoOPEHG�ZVSH=BJ<KRS>XoAgI�J<E>J<=RGWl�®-OPZVS�ZRSHJ[:<J<E>OPZVSYCFEHGFAgJFd
É¥XoEHQ<J*�>ZV;HCFAgAÊl"� IHOP=RJ&Q&Z N�J<CFKR;H=BJ<N#J<EmZVKÌQ!CWE ¨jJ KB;H¨jIHOP�nOgI>J<I OPE+CF¨HKRXFAg;>ZRJ CFE>I =BJ<ADCMZVOP�FJ
N�J<CFKR;H=BJ<N#J<EmZVK&d�º�S>J�¸�XF=RN#J<=�Q<XF=R=RJ&Q&Z[ZVS>J�N#J!CFKB;H=RJ&I �HCF=BZROgQ<APJ^=VCMZVJ<K°CWZ[ZRSHJ�IHJ&ZRJ<Q&ZRXo=�ZVXYCFE
CF¨HKRXFAg;>ZRJ��±; 8 CFEHI)ZVSHJYADCWZBZVJ<=#XoEHAÊl N�J<CFKR;>=RJ]ZRSHJ]N#XoN#J<EmZV;HN IHJ*�«J&EHIHJ&EHQ<J	XF¸,ZVSHJ�N�;HXoE
�±; 8«d�À,APA �H=RJ �nOgXo;HK[IHOP=RJ&Q&Z°�oJ<= ZVOPQ!CFA
N#J!CFKB;H=RJ&N�J&EmZVK1��CFK°Q<XoAPAgJ<Q ZVJ&I OPE � ­F¬��<��CF=RJ�IHOPK��HAgC�lFJ<I OgE

±Go;H=BJ Á d +�d�h±Xo=²ZRSHJ��>;H=��jXoKRJ\XF¸�OPAgAP;HKBZR=VCWZROgXoE��
OPE ZRSHOgK 
±GF;H=RJ�ZVSHJY=RJ&ADCWZROP�oJ�N#J!CFKB;H=RJ&N�J&EmZVK
®¥J&=RJ�CFAgA�=RJ<E>Xo=RN�CFAgOP:<J&I]ZVX�ZVS>J#KRCFN#J²=RJ&¸�J&=RJ&EHQ<J�K��jJ<Q ZV=B;HN��xE±CWN�J&APl]ZRSHJ �±; 8 C��FJ<=RCFGoJ�GoOP�FJ<E
OgE�� ­W¬���d?�\Xo=RJ&Xv�FJ<=*�jXFEHAPl»I±CWZTC �jXoOgEmZVKÄ®-OÊZVS\C �H=RJ&Q<OPKROgXFE\XW¸�¨jJ&ZBZVJ<=�ZRS±CFE ÁFÎ32 CW=RJ[KRSHX�®-E¿d
À,K¶Q!CFE�¨«JpKRJ&J<E���N�XoK Z¶XF¸¿ZVS>J@J 8��jJ<=BOgN#J<EmZVK¶N#J!CFKB;H=RJ&I»OgE�ZVS>J@=BJ<GoOPXoE�¨jJ<APX�®s© ÎoÎ U[J0) �nCF¨jX��oJ
ZVSHOPK��WCFAP;HJ XoEHAÊl�C ¸�J ®2I±CWZVC �jXoOPE�ZRK\CF=RJ C!�FCWOgADCW¨HAgJ\®-OPZVS ADCF=BGoJ	KBZVCWZVOPKBZROgQ!CWA�;HEHQ&J<=BZVCFOgEmZROgJ<K&d
h§;>=BZVS>J<=RN#Xo=BJ.�oZVS>J�KRQ!CMZRZVJ&=ROPEHG[XF¸«ZRSHJ�I±CWZVC7�«XoOPEmZVK
CF=BXo;HEHI�ZVS>J�N�J<CFE²�FCWAg;HJÄOPK
N^;HQTS�ADCW=RGoJ&=
CFK
OPZ,®´Xo;HAPI	¨«J�J08 �«J&Q&ZRJ<I ¸�=RXoN�ZVS>J<Og=,KBZTCMZVOgK ZVOPQ!CFAxJ<=B=RXo=,OgEHIHOPQ!CWZROgEHG#ZVSHJ �H=RJ&KRJ<E>Q<J�XF¸¶CFIHI>OPZVOPXoE±CFA
KBlnKBZRJ<N�CWZVOPQ°J&=R=BXo=RK-EHXFZpCWQ<Q<XF;HEmZVJ<I\¸�Xo=�OgE�ZRSHJ°CFE±CFAÊl�KBOgK&d�?'8�Q&Ag;HIHOPEHG#KRXoN#J�XF¸�ZVSHJ�®´Xo=RK Z,I±CMZTC
KRJ&ZRK1�@C�ZVXFZVCFApKBlnKBZRJ<N�CWZVOPQ�EHXo=BN»CFAPOg:<CWZVOPXoE ;HEHQ<J&=BZVCFOgEmZ l XW¸�­ 2 OPK»J&KBZVOPN»CMZVJ<I�OPE � ­F¬���d b ;HJ
ZVX ZVSHJ KBN»CFAPA�AgJ �oJ&=YCW=RN XF¸°ZVS>JÍAPX�®%J&EHJ<=BGFl�N�J<CFKR;>=RJ<N#J<EmZ1��CFEHI�KBlnK ZVJ<N�CWZROgQ IHO"!«J<=BJ<EHQ&J<K
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OgE ZVS>J�N�J<CFKR;>=RJ<I�=BJ<ADCMZVOP�FJ�N#XoN�J&EmZV;HN IHJ1�jJ<E>IHJ<EHQ&J.�,ZRSHJ�X��oJ&=VCFAPA�J<K ZVOPN»CWZRJ<I ;>EHQ<J&=BZTCWOgEmZ l
=RJ!CWQTSHJ<K Ç © 2 CMZ ÁFÎoÎoÎ U�J*)^d
º�SHJ�J08�OgK ZVOPEHG^QTS±CF=BGoJ�=RCWZVOPX�I±CWZVC²CF=RJ@IHOgK��HADC!lFJ<I�OgE�
±Go;H=BJ Á d 6>d
À,KÄOPE�Q!CWKRJ�XF¸`ZRSHJ�N^;HXFE �±; 8 �
EHXFZ-N�CFEml�J08 �jJ<=ROPN�J&EmZVK-S±C!�oJ°I±CWZVC �jXoOPE�ZRKpCF¨«X��FJ#© ÎoÎ U[J0)^d

U[OÊ�oJ<E ZRSHJ�Q<;H=B=RJ<EmZ�J08 �jJ<=ROPN�J&EmZTCFAÄK ZTCWZR;HK1�¶ZVSHJ�¸�XoAPAgX�®-OgE>G]Xo¨nÃBJ&Q&ZROP�oJ&K�XW¸@ZRSHJ�N�J<CFKR;H=BJ<N#J<EmZ
IHJ<KBQ<=ROP¨«J&IYOPE�ZVSHOPKÄZVSHJ&KROgKpQ!CWE\¨jJ[KBZVCWZVJ&I¿·

� C5�>=RJ<Q&OgKBJ@X��oJ&=VCFAPA§CF¨HKBXoAg;>ZRJ-EHXo=RN�CFAPOg:!CMZVOgXFE�ZVX°=RJ&KRXoAÊ�oJ�ZVSHJpKBlnK ZVJ<N�CWZROgQp;HEHQ<J&=BZVCFOgEmZVOPJ<K�XF¸
�H=RJ �nOgXo;HK-APXv® J<E>J<=RGWl�N�J<CFKR;H=BJ<N#J<EmZVK&d

� ZVSHJ]IHJ&ZRJ<=RN#OgEHCWZVOPXoE XF¸�ZRSHJ	K��jJ<Q ZV=R;>N CWZ�S>OgGoS J&EHJ<=BGoOgJ&K»ZVX Q&AgXoKBJ]ZVS>J	GmC.� ¨jJ&Z ®´J<J&E
IHOg=BJ<Q Z�CFE>I]OgE>IHOg=BJ<Q&Z@N#J!CFKB;H=RJ&N�J&E�ZRK�CFE>IYZVX�¨«J�CF¨HAPJ[ZRX»Q&XoEHKBZR=VCFOPEYZRSHJ �±CW=VCFN#J&ZRJ<=RKpXF¸
CWZVN#XoK��HSHJ<=BOgQ[CFOP=ÄKRS>Xv®´J<=pQ!CWAgQ<;>ADCWZROgXoEHK¥Xv�FJ<=@C^®-OgIHJ[J<E>J<=RGWl�=VCFE>GoJFd

� ZVSHJ�N�J<CFKR;H=BJ<N#J<EmZ[XF¸
ZRSHJ²SHOgGFS�J<EHJ&=RGFl]N^;HXoE	QTSHCF=RGoJ�=VCWZROgX �jZVX�¨jJ�CF¨HAPJ�ZVX�Q&XoEHK ZV=VCWOgE
ZVSHJ[Q&XoEmZV=ROP¨H;>ZROgXoE�XF¸�LMCFXoEHKÄZRX#ZRSHJ[Xv�FJ<=RCFAgA¿N�;HXoE �±; 8«d
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º�SHJ\È Ç�� É IHJ&ZRJ<Q&ZRXo= � ­ � ÁFÇ �¥OgK²C�IHJ �nOgQ<J�ZRX	N�J<CFKR;>=RJ»ZRSHJ�N�XFN�J&E�ZR;HN ��QTS±CF=BGoJ�CFEHI CFEHGFAgJ
XF¸¶N^;HXFEHK�Q<=BJ!CWZRJ<I OgE CWOg=pKRSHX�®´J<=RK&d � E CFIHI>OPZVOPXoE�OÊZ �H=BXv�nOPIHJ<K[CFE	J&KBZROgN�CWZVJ�XF¸
ZVSHJ²J&EHJ<=BGFl�XW¸
ZVS>J�=RJ&ADCWZRJ<I �>=ROgN�CF= l�Q<XoKBN�OPQ@=RC�l��±CF= ZVOPQ<AgJ ��¨�l�KVCWN��HAPOgEHG[ZVS>J,X��oJ&=VCFAPA«E�;HN^¨jJ<=¥XF¸`QTS±CF=BGoJ<I�CWOg=
KRS>Xv®´J<= �±CF= ZVOgQ&AgJ&K�CWZpGo=RXF;HEHI�AgJ �oJ<A�d
� Z�OgK�AgXnQ!CWZRJ<I CWZ^ZRSHJ\?
;H=RX"�jJ!CWE1É¥J&EmZVJ<=²¸�Xo=^Â@;HQ&AgJ!CW= ½ J&KRJ<CF=RQTS a ÉÄ? ½ Â�e^EHJ!CW=#U[J&EHJ&�WC�OgE
�n®-OÊZV:<J&=RAgCFEHI�CFE>I�Q<XoEHKBOgK ZVK�XF¸�CFE»;HEHIHJ&=RGo=BXo;HEHI�N^;HXFE�IHJ&ZRJ<Q ZVXo=*�>®-SHOgQTS�OPK¥Q&Xv�FJ<=BJ<I\¨�l»CF¨jXo;>Z
ÇoÎ N N�XFADCFKBKRJ�X��oJ&=R¨H;>=RIHJ&E]CFE>I�CFE�CFOg=´KRSHX�®´J<=pCF=B=VC!l�CMZÄZVSHJ,KR;H= ¸cCFQ<J a KRJ<J 
HGo;H=RJ Ç dÊ©ve d�Æ¥XFZVS
IHJ ZVJ<Q ZVXo=BK�CF=BJ°ZR=ROgGFGoJ<=BJ<I\OgEHIHJ*�«J&EHIHJ&E�ZRAPlYCFEHIYS±C!�oJ²C�KRJ*�±CF=RCWZVJ�I±CWZTC�CFQ���;HOPKROÊZVOgXFE acb À
�[e d§À
Q<XF=R=RJ&ADCWZROgXoE�¨«J Z ®¥J&J<E�ZVSHJ¥Z ®´X[I±CWZVC�KBZV=BJ!CFN#K�OPK
CFQTSHOPJ&�oJ&I�¨�l^CFKRKBOgGoE>OgEHG�J<CFQTS²ZV=BOgGoGoJ&=�C �H=BJ<Q&OgKRJ
ZVOPN�J�K ZTCFN#���HGFOP�oJ&EY¨ml�C²Q&XoN�N#XoEYU�AgXo¨±CWA¿k�XFKROPZROgXoE>OgEHG ��l�K ZVJ&N a U[k �>eÄZROgN#OgEHG>d
º�SHJ�N^;HXFE	IHJ&ZRJ<Q&ZRXo=[;HKRJ&K�ZVSHJ �H=BJ<Q&OgKROPXoE	N^;HXFEÍI>=ROP¸�Z,QTS±CFN^¨jJ<=BK[XF¸�ZVSHJ�È Ç J08 �jJ<=ROPN�J&EmZ�� 6��<�
®-SHOPQTS#OPK�XoE>JÄXF¸±ZVS>JÄ¸�Xo;H=�N�;HAPZRO �H;>=��jXoKRJÄI>J&ZVJ&Q&ZRXo=RK�CWZ�ZVSHJ�ÈxCF=BGoJÄ?
APJ<Q&ZR=RXoE�k�XoKROÊZV=BXoE#É¥XoAgAPOgIHJ&=
a Èx?�k¶e dvh±Xo=¿ZRSHJ �H;H=��jXoKBJ¶XW¸>N#J!CFKB;H=ROPEHG-CWZRN�XoK��HSHJ&=ROgQ
N�;HXoEHK*�FCFI>IHOPZROgXoE±CWAW=BJ!CFIHXF;>Z�J<AgJ&Q&ZR=RXoEHOPQ<K
CFEHI\C²KRQ&OgEmZVOPAgAgCWZVXo=´CF=B=VC!l»ZRX²N�J<CFKR;H=BJ�ZVSHJ°CF=B=ROÊ�FCWAjZROgN#J<KÄXF¸xZRSHJ[N^;HXoEHK�SHC��FJ[¨«J&J<E�OgEHK ZTCFAPAgJ&I¿d
À,E]OgAgAP;HKBZR=VCWZROgXoE�XW¸�ZVS>J^È Ç IHJ ZVJ&Q&ZVXF=,Q!CWE]¨jJ�KBJ<J<E	OPE]h�OgGo;H=BJ Ç d Á · ¾ OÊZVSHOPE]C#ADCF=BGoJ[N»CFGFEHJ&ZROgQ
�oXFAg;HN#JYXW¸²© ÎoÎoÎ N � CMZ Î d +^º4�ÄKRJ �oJ<=RCFA,KB;H¨jIHJ&ZRJ<Q&ZRXo=RK�CF=RJYCF=R=RCFEHGoJ&I1Q l�APOgEHI>=ROgQ<CFAgAÊl CF=BXo;HEHI
ZVS>J^Èx?�k�¨jJ!CWN�AgOgE>J�CWEHIYZRSHJ�=BX�XF¸�XF¸�ZRSHJ�N�CFGoEHJ ZpOgKpQ<X��oJ&=RJ<I�®-OÊZVS]C.� �H=BX 8�OPN»CWZRJ<AÊl ÁFÎoÎ N �
XF¸[KBQ<OgEmZROgAgAgCWZVXF=�ZROgAPJ<K<d È Ç�� É�;>KRJ<K�XFEHAPl ZVS>J�KRQ&OgEmZVOPAgADCMZVXo=BK�CWEHI ZVSHJ]KRO 8nZRJ<J<E�KBJ&ZRK�XF¸[N^;HXoE
QTS±CFN�¨«J&=RK<d�º�SHJ,È Ç J<APJ<Q&ZR=RXoN�CFGoE>J&ZVOPQpCFEHI�S±CWIH=RXoE>OgQpQ!CFAPXo=ROPN�J ZVJ<=BK¶CFEHI»ZRSHJ@�FJ<=BZRJ08»IHJ&ZRJ<Q ZVXo=BK
Q<APXoKRJ[ZVX²ZRSHJ�OPEmZVJ<=RCFQ&ZROgXoE��jXoOgEmZpCF=BJ[EHXFZp=RJ<CFI]Xo;�Z,CWEHI]CWQ&Z-ZVSHJ&=RJ ¸�Xo=RJ�CFKpC#�HCFKRKBOP�oJ�CF¨HKBXo=R¨jJ<=
OgE�ZRSHJ[N�OPIHIHAgJ,XF¸�ZRSHJ[IHJ&ZRJ<Q ZVXo=&d
b ;HJ¶ZVX�OÊZVK�KBS±CFAPAgX�® IHJ*�>ZVS�CFE>I^OPZRK�J 8>Q&J<APAgJ<EmZ
N�;HXoE�N#XoN#J<EmZV;>NÌ=BJ<KBXoAg;>ZROgXoE �WZVS>JÄÈ Ç�� É�N^;HXoE
IHJ ZVJ<Q ZVXo=¶OgK¶CF¨>AgJ�ZVX°N�J<CFKR;>=RJ@CWZVN#XoK��>SHJ<=BOgQ�N^;HXFEHK´X��FJ<=´C[®-OPIHJ@N#XoN#J<EmZV;>N =VCFE>GoJ-K��±CFE>EHOgEHG
¸�=RXFN ÁWÎ U�J*) �jGoOÊ�oJ<E]¨�l\ZVS>J�ZVSH=BJ<KBSHXoAgI]XF¸�ZVS>J�N#XoADCFKBKRJ°KRSHOPJ<APIHOgEHG��§ZRX Á º�J*) �j®-SHOPQTS	OgK-ZVSHJ
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muon detector (L3)
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airshower detector

LEP beam
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AgOPN�OÊZ�IH;HJÄZVX�ZRSHJ�IHJ&ZRJ<Q ZVXo=
=BJ<KRXFAg;>ZROgXoE²CWEHI²ZVSHJ-C!�WCFOgAgCF¨HAPJ´K ZTCWZROgKBZROgQ&K<d�À@¸�ZVJ&=�C�KRSHXF=BZ
ZVJ&KBZR=R;HE�OgE
©�¬o¬.-���È Ç�� É K ZTCF= ZVJ<I�I±CMZTC�ZTCFL�OPEHG�®-OPZRS�ZRSHJ�N^;HXFE#I>J&ZVJ&Q&ZRXo=
OgE��]C!l�©!¬o¬o¬�CFEHI#Q<XFE�ZROgE�;HJ&I#;��
ZVX�ÂpX��oJ<N�¨«J&= ÁFÎoÎoÎ d ¾ OÊZVSHOPE]ZVSHCWZ7�jJ<=ROPX�I�CF¨«XF;>Z,Z ®´J<AÊ�oJ�¨HOgAPAgOPXoEYN�;HXoE]ZR=ROgGFGoJ<=BK�S±C!�oJ²¨jJ<J&E
=RJ&Q<Xo=BIHJ<IÍCWZ�CFE	C!�oJ&=VCFGFJ�ZV=BOgGoGoJ&=@=RCWZVJ�XF¸¶CF¨jXo;>Z Ï + Î ¼p:Fd�h�OPGo;H=BJ Ç d Ç KRSHX�®-K�ZVS>J�E�;HN^¨jJ<=�XW¸
Q<XFAgAgJ&Q&ZRJ<I#J&�oJ&EmZVKÄCWK¥C�¸�;HEHQ ZVOgXFE#XW¸_ZVOPN�JÄ¸�XF=�ZVSHJ-Z ®¥X[loJ<CF=RK&d�º�SHJ@KBAgOPGoSmZVAPl�¨jJ&ZRZRJ<=¶I±CWZVC[ZVCFL�OgEHG
�jJ<=B¸�XF=RN�CFEHQ<J[OPE ÁWÎoÎoÎ OgK�IH;>J°ZRX#OPN��>=RX��oJ&N�J&E�ZRK-XF¸�ZRSHJ[XoEHAgOPEHJ�KBlnK ZVJ<N4CM¸�ZVJ<=�ZRSHJ[J08 �«J&=ROPJ<EHQ&J
XF¸�ZVSHJ 
±=BKBZploJ<CF=-XF¸�IHCWZTC^ZTCWLnOPEHGHd
º�SHJ»CFOg=�KBSHX�®¥J&=^CF=B=VC!l KVCFN#�HAPJ<K�ZVSHJ#J<APJ<Q ZV=RXFN»CFGFEHJ&ZROgQ�CFEHI N^;HXoE>OgQ �±CF= ZVOPQ<AgJ²I>J<EHKBOPZVOPJ<K°XF¸�C
KRS>Xv®´J<=�X��oJ<=°CFE CF=BJ!C�XF¸ ÇoÎ � + Ï N � ·[h�OP¸�Z l �>ADCFK ZVOgQ²KBQ<OPE�ZROgAPADCWZRXo=@I>J&ZVJ&Q&ZRXo=RK*��J<CFQTS + Î � © ÎoÎ Q&N �
OgE CW=RJ!C �¶=BJ<Q&Xo=RI ZVS>J�CF=R=BOP�WCFA´ZROgN#J�CFE>I J&EHJ<=BGFl IHJ*�«XFKROPZ^XF¸-ZVSHJ �±CW=BZVOPQ<APJ<K1�
¸�=BXoN+®-S>OgQTS ZVSHJ
KRS>Xv®´J<=�Q<Xo=BJ �«XoKBOPZROgXoE���I>Og=RJ&Q&ZROgXoE°CFEHI4�H=BOgN�CF=Bl,J<EHJ&=RGFl[Q<CFE°¨«J�J<K ZVOPN»CWZRJ<I¿dxº�SHJ´CF=B=VC!l�¨jJ<Q!CWN�J
X"�jJ<=RCWZVOPXoE±CFA�OgE ÁWÎoÎoÎ CFE>I CF¨«XF;>Z ÇoÇ N#OgAPAgOgXFEYCWOg=pKRSHX�®´J<=�ZV=BOgGoGoJ&=RK@S±C!�oJ²¨jJ<J<E Q&XoAgAPJ<Q&ZRJ<I��«Xo;>Z
XF¸@®-SHOgQTS Á - 2 ®¥J&=RJ\Q<XoOPEHQ<OPIHJ<EmZ�®-OPZRS)C N^;HXFE ZR=ROPGoGoJ<=&d ��OgE>Q<J�ZVSHOPK�CF=R=RC!l OgK²EHXWZ�;>KRJ<I OgE
ZVS>J�N^;HXoE�N#XoN#J<EmZV;>N N#J!CWKR;H=BJ<N#J<EmZ �HOÊZ¥OPKÄEHXFZ¥IHJ<KBQ<=BOg¨jJ<I�OgE�I>J&ZTCWOgAjSHJ<=BJ�CFEHI�ZRSHJ�=RJ<CFIHJ&=ÄOgK
=RJ ¸�J<=B=RJ<I\ZVX � ­ �T© Ç ¬��_¸�Xo=-C²N�Xo=BJ�J08nZVJ&EHKROÊ�oJ°IHOgKBQ<;HKBKROPXoEYXW¸�OÊZVK%�H=BX"�«J&=BZROgJ<K&d
� E�ZVSHJ�¸�XoAPAgX�®-OgEHGpZ ®¥X°Q<XnXo=BIHOgE±CMZVJÄK l�K ZVJ&N�K�®-OgAPA>¨jJ�=RJ&¸�J&=R=BJ<I�ZVXH·�º�SHJ-AgXnQ!CFA>È Ç K l�K ZVJ&N��m®-SHOPQTS
S±CFK�OÊZVK@Xo=ROPGoOgE\OgE]ZRSHJ²Q<J&EmZVJ<=�XW¸
ZVSHJ²È Ç IHJ ZVJ&Q&ZVXF=�CFEHI�ZRSHJ²KR;H= ¸cCFQ<J�Q<XnXo=RIHOPE±CWZRJ�KBlnK ZVJ<N\d°Æ´l
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Q<XoEm�oJ&EmZVOgXFE���ZVSHJ�8 � C�8�OgK�XF¸�ZVS>J	È Ç KBlnK ZVJ<N OgK#�«XFOgEmZVOPEHGÍZRX�®ÄCF=BIHK»ZRSHJ]Q&J<EmZVJ&=�XF¸�ZVS>J�Èx?�k
=ROgE>G CFEHI ZRSHJ]l � C�8�OPK�CFAgXFEHG�ZVS>J]�oJ&=BZVOPQ!CFA@IHOg=BJ<Q ZVOgXFE1ZVX�®¥CF=RIHK�ZRSHJ	KR;>=B¸cCFQ&JFd¤º�SHJ	: � C�8�OgK�OPK
CFAgXoE>G�ZVSHJ Èx?�ki¨jJ!CWN AgOPEHJ.��®-SHOPQTS�OgK�OPEHQ<APOgEHJ&I ¨ml�CF¨jXo;>Z Î d - / IHJ<Go=BJ<J&K�®-OÊZVS�=BJ<K��jJ<Q Z�ZVX
ZVSHJ�SHXo=BOg:&XoEmZTCFA�KR;H= ¸cCFQ<JWd#º�S>J#KB;H=B¸cCWQ<J�KBlnKBZRJ<N OgK ÏFÏ d -�N#J&ZRJ<=[CF¨jX��oJ�ZVSHJ²Q&J<EmZVJ&=�XW¸ÄÈ Ç CWZ°C
AgXoEHGFOPZV;>IHJ@XW¸ 6 / Î © � ©v­ � � ? CFEHI�C�ADCWZROPZV;>IHJ-XF¸ Ï 6 / © + � Î 6 � � Â°d>k�CF=BZROgQ&AgJpIHOg=BJ<Q&ZROgXoE>KÄCF=BJ,IHJ&KRQ<=BOg¨jJ<I
¨�l�ZRSHJ<OP=p:&J<EHOÊZVS	CWEHGoAgJ � ®-OPZRSY=BJ<K��jJ<Q Z�ZVX�ZVS>J��oJ&=BZROgQ!CWA�I>Og=RJ&Q&ZROgXoEYCFEHI\ZVSHJ�CF:<OPN^;>ZVSYCFEHGFAgJ��
®-OPZVS	=BJ<K��«J&Q&Z�ZVX»EHXo=BZRS¿d�º�SHJ²KB;H=B¸cCFQ&J²OgK ÏoÏ ¬»N CF¨jXv�FJ²KRJ<C�AgJ&�FJ<A�d b ;HJ�ZVX»OPZVK,;HEHIHJ&=RGo=BXo;HEHI
AgXnQ!CWZROgXoE���ZVS>J°N�;HXoE\IHJ&ZRJ<Q&ZRXo=-OgK�KBSHOgJ&AgIHJ&IY¨ml�CF¨jXo;>Z@­ ÎoÎoÎ GoQ<N ��� XF¸�N�XoAgCFKRKBJ�X��oJ<=B¨H;H=BIHJ<E¿d
( � � � ���#
 �¥���^� �����¶�

º�SHJ\È Ç N�;HXoE IHJ&ZRJ<Q ZVXo= � ¬ Ï�� ¬m­ ��OPK²CF=R=RCFEHGoJ&I OgE KRO 8nZVJ<J&E KRJ&ZRK�XF¸pN^;HXoE QTS±CFN�¨«J&=RK1�¶Q!CWAgAgJ&I
X�Q ZTCFEmZVK&d ��E J<CFQTS KROPIHJ�XF¸�ZRSHJ�OgEmZRJ<=VCWQ&ZVOPXoE �jXoOPE�Z�XF¸-ZVSHJ»J<AgJ&Q&ZR=RXoE ¨jJ!CFN#K1��J<OgGFS�Z^XF¸�ZVSHJ&KRJ
X�Q ZTCFEmZVK@CF=BJ�OPEHKBZVCFAgAPJ<I�Q&lnAPOgEHIH=BOgQ<CFAgAÊl�CF=BXo;HEHI\ZVSHJ�Èx?�k ¨«J<CFN�AgOPEHJ a KBJ<J 
HGo;H=RJ Ç d Á e dÄº�SHJ°X�Q �
ZTCFEmZVK�XFE ZRSHJ � :²KROPIHJ²XF¸�ZVSHJ�È Ç Q<XnXo=BIHOgE±CMZVJ�K lnKBZVJ&N CF=RJ²=BJ&¸�J&=R=RJ&I	ZVX\CFK��BN�CFKBZRJ<=���CFEHI XoE
ZVSHJ � :^KROPIHJ²CFK��BKRAgC��FJ	�Hd[º�SHJ l	CF=BJ^E�;HN^¨jJ<=BJ<I Q<Xo;>E�ZRJ<= � Q<APX�QTLm®-OPKRJ²OgEYZVSHJ:8nl � �>ADCFEHJ�KBZTCW=BZVOPEHG
CWZ
� Ç X � Q<AgXnQTL�� a N»CWKBZVJ&=<· - � © 6���KRADC!�FJF· Î�� ­Fe d
À,E�X�Q ZTCFEmZpQ<XFEHKROPKBZVK�XW¸�ZRSH=RJ&J°AgC!loJ<=BK-XF¸�I>=ROP¸�ZÄQTS±CFN^¨jJ<=BKpN#J!CWKR;H=BOgEHG^ZRSHJ�N^;HXoE�ZR=VCFQTL�Q&X�XF=RIHO �
E±CWZVJ&K�OgE²ZVSHJ 8nl � �>ADCFEHJ �jJ<=��«J&EHIHOgQ&;HADCW=�ZVX�ZVS>JpN�CFGoE>J&ZVOPQ 
±J&AgI¿d b ;>JÄZVX�ZVSHJ �H=BJ<Q&OgKROPXoE²XF¸jZVSHJ&KRJ
IHJ&�nOgQ&J<K*��ZVSHJ l CF=RJ#Q!CFAPAgJ&I�k � QTSHCFN^¨jJ<=RK&d�º�SHJ»OPEHEHJ&= � CFEHI Xo;>ZVJ&=RN#XoKBZ�k � QTS±CWN^¨«J&=RK�CF=RJ#KR;>= �
=RXo;HE>IHJ<I�¨ml�Z ®´X�Ë � QTS±CWN^¨«J&=RK¶J!CFQTS ��®-SHOPQTS�N�J<CFKR;>=RJ@ZRSHJ@ZR=VCFQTL�Q&X�Xo=BIHOgEHCWZVJ&K¶OPE�ZRSHJ@ln: � �HADCWEHJ
�±CF=VCWAgAgJ&A«ZRX�ZRSHJ[N»CWGoEHJ&ZROgQ 
HJ<AgI_d
º�SHJ�È Ç N^;HXoE IHJ&ZRJ<Q ZVXo=�OgK�;HKRJ&I)ZRX�Q<XF;HEmZ�CWZRN�XFK��HSHJ&=ROPQ\N�;HXoEHK�CFEHI ZVX IHJ&ZRJ<=RN#OgE>J�ZRSHJ<OP=
IHOg=BJ<Q&ZROgXoE)CFEHI)N�XFN�J&E�ZR;HN\d1º�SHJYADCWZBZVJ<=�OPK��jXoKRKBOg¨HAPJ.�´KROgE>Q<J�ZVSHJ]ÈxXF=RJ<EmZR:\¸�Xo=BQ<JYCFQ&ZROgEHG XoE
ZVSHJ²N^;>XoEHK�OgE>KROgI>J�ZVSHJ²N�CFGoE>J&ZVOPQ�
±J&AgI	¨jJ<EHIHK[OÊZVK,ZR=VCvÃBJ&Q&ZVXF=ROgJ&K�ZVX�C�Q&Og=RQ&AgJ^OPE�ZVSHJ 8nl � �>ADCFEHJWd
¾ OPZVS CWZ²AgJ<CFKBZ�ZVSH=BJ<J �jXoKROÊZVOPXoE�N#J!CFKB;H=RJ&N�J&EmZVK²CFAPXoEHG]ZRSHJ»ZR=VCFQTL �
ZVSHJ»Q<Og=BQ<APJ»=VCWIHOg;HK�Q!CFE ¨jJ
IHJ&ZRJ<=RN#OgE>J<I�®-SHOgQTSYOgK�=BJ<ADCMZVJ<I�ZRX�ZRSHJ4�±CF= ZVOgQ&AgJ�N#XoN#J<EmZV;>N OgE�ZRS±CWZ$�HADCWEHJ�¨ml

� (
� > Î @ Ç U[J0) ��� � ! 	Wº � ; 	WN�� a Ç dÊ©ve
®-SHJ<=BJ ;iOPK�ZVSHJ#Q<OP=RQ<APJ²=VCFI>Og;HK*� !4OgK�ZVS>J a Q<XoEHK ZTCFEmZTe[N�CFGoEHJ ZVOPQ 
±J<API �jJ<=��«J&EHIHOgQ&;HADCW=[ZRX\ZRSHJ
ZV=VCWQTL]CFE>I � OPK@ZVS>J �±CF= ZVOgQ&AgJ°QTS±CF=BGoJFd ¾ OÊZVS]ZRSHJ²CFI>IHOPZROgXoE±CWA`N�J<CFKR;H=BJ<N#J<EmZ�OPE]ZVSHJ°ln: � �>ADCFEHJ �
ZVSHJ�ZVXWZTCFA¿N#XoN#J<EmZV;>N Q!CWEY¨jJ[Q!CFAPQ<;HAgCWZVJ&I��nOgC

� %('�% > � (
� � © � � ������ � � � a Ç d Á e

®-OPZVS ���� � ¨jJ<OPEHG�ZRSHJ�ZR=VCFQTL�KRAPX"�jJ�OPEYZVS>OgK$�HADCFE>JFd-º�SHJ^CWQ<Q<;>=VCFQ l]XF¸�ZVSHJ�N�XoN#J<EmZR;HN�IHJ&ZRJ<=BN�O �
E±CWZVOPXoE�OgK�XF¸«Q<Xo;>=RKRJpIHJ*�«J&EHIHOgE>G�XoE�ZVSHJ-=BJ<KRXFAg;>ZROgXoE�XF¸«ZVSHJ �jXoKROÊZVOgXFE²N�J<CFKR;H=BJ<N#J<EmZ!d?�\Xo=RJ&Xv�FJ<=
Z �
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OPZ�OgK �H=BX"�«XF=BZVOPXoE±CFApZVX ZRSHJ N»CFGFEHJ&ZROgQ 
±J&AgI�KBZR=RJ&EHGFZVS CFEHI�IHJ*�«J&EHIHK���;±CFIH=RCWZVOPQ!CFAPAPl XoE�ZVSHJ
AgJ �oJ&=�CF=BN��`X��FJ<=[®-SHOgQTS ZVSHJ²ZR=VCFQTL�OPK[¨«J&OgEHG�N#J!CFKB;H=RJ&I¿d#È Ç =RJ<CFQTSHJ&K�CFE CFQ&Q<;H=RCFQ&l XF¸¥CF¨jXo;>Z
+ Î �¿N ¸�XF=�ZVS>J �«XFKROPZROgXoE)N�J<CFKR;>=RJ<N#J<EmZ�®-OÊZVSHOPE1XoE>J�QTS±CFN^¨jJ<=&dsº�SHJ	N^;HXFE K��jJ<Q ZV=RXFN�J ZVJ<=
�H=BXv�nOPIHJ<K¥C°S�;HGoJpAgJ �oJ&=¥CF=BN ®-OPZRSHOgE#C�N�CFGoE>J&ZVOPQ 
±J<API�XW¸ Î d +[º�J<KBADC>· ! ��� � > Ï @ Á º�N � OgEHKBOgIHJ
XoEHJ#XnQ&ZTCWE�Z�CFEHI +F¬�@ Ï º�N � Xv�FJ<=°ZVSHJ�®-SHXoAPJ#I>J&ZVJ&Q&ZRXo=<d�º�S±CMZ�OPK[®-SmlÍOPZ°OPK°Q&XoEHKBOgIHJ&=RJ<I CFK�C
;HEHO ��;HJ4�H=RJ&Q<OgKBOgXoE�K��«J&Q&ZV=BXoN#J&ZVJ&=<d

�������	� 
���
��������������

º�SHJ²AgC�lFXo;>Z,XF¸�ZVSHJ²k � QTS±CFN^¨jJ<=BK,®-OPZRSHOgE�XFEHJ^XnQ&ZTCWE�Z,Q!CFE	¨jJ^KBJ<J<E OPE 
±Go;H=BJ Ç d Ï d�º�SHJ^ZVS>=RJ<J
ADC!lFJ<=RK´CF=BJpAgCF¨jJ<AgJ&I�CFQ<Q&Xo=RI>OgEHG[ZVX�ZVS>J<Og=
I>OgKBZVCFEHQ&JpZRX[ZRSHJ��oJ&=BZVJ 8»CFK�OgEHEHJ&= a � � e �mN�OPIHIHAgJ a � ��e
CFEHI Xo;�ZVJ<= a � �[e,N^;HXoE	QTS±CWN^¨«J&=<d²º�SHJ l CF=BJ 
±AgAPJ<I�®-OPZRSÍC�N�O 8�ZR;H=RJ²XW¸ 6�©od + 2 À,=BGoXoEÍCFEHI
Ç ->d + 2 ?
ZRS±CFEHJ[GmCWK<d
À,=BGoXoE�OgK´ZVSHJ[CFQ ZVOÊ�oJ[GmCFKÄZRS±CWZ�Q<CFEY¨jJ�OgXFEHOg:&J<I�¨ml�ZVS>J�N^;HXoEHK*�>®-SHJ&=RJ!CWK
?�ZVS±CWEHJ²CFQ ZVK�CWK�C�KBX�Q!CWAgAgJ&I ��;HJ&EHQTSHJ&=1�¿®-SHOPQTS�OgKpEHJ<Q&J<KBKVCF= l]ZVX»CF¨HKBXo=R¨�KBJ<Q&XoEHI±CF= l,�>SHXFZVXFEHK<d
?�CFQTS]QTSHCFN^¨jJ<=pOgK-KR;H¨jIHOÊ��OPIHJ<I\OgEmZRX#I>=ROP¸�ZpQ&J<AgAPK1�>®-S>OgQTS�CW=RJ�© Î Q<N�OgE�®-OPI>ZVS¿d¶ÀÄZpZVSHJ[J<I>GoJ�XW¸
C]Q&J<AgA�Q<CWZVSHXnIHJ�N�J&KRS�®-OP=RJ<K�CF=RJ�OgEHK ZTCFAPAgJ&I��xOgE ZRSHJ»N#OgI>IHAgJ#CFE CWAPZVJ&=RE±CMZVOgE>G\KBJ<=BOgJ<K�XF¸-CFEHXnIHJ
KRJ&EHKRJ�®-Og=RJ&K,CWEHI 
HJ<AgIYKRS±C �HOgEHG�®-Og=BJ<KpOgK �HAgCFQ<J&I¿d¥ÀÌN^;HXoE�ZVSHCWZ@ZR=VC!�oJ&=RKBJ<K�C�Q<J&AgA`OgXFEHOg:&J<K�ZVSHJ
QTS±CFN�¨«J&=@GmCWK,CFAPXoEHG�OPZRK �±CWZVS �«CWEHIYZRSHJ:�>=RXnIH;HQ<J&I]J&AgJ<Q ZV=BXoEHKpIH=ROÊ¸�Z�ZVX�®ÄCW=RIHKpZVSHJ°KRJ&EHKRJ°®-Og=RJ&K1�
®-SHJ&=RJ�ZVSHJ�ZVXFZVCFA¥QTS±CW=RGoJ�OPK²CFN#�HAgO

±J<I ¨ml�ZVS>J�C��WCFAgCFEHQTSHJ»J !«J<Q&Z�OPE�ZVS>J�=VC.�HOPIHAPlÍOPEHQ<=BJ!CFKBOgEHG
J<APJ<Q ZV=ROPQ 
HJ<AgI»Q<AgXFKRJ-ZVX�ZRSHJ@®-OP=RJ<K&d�U�OP�oJ&E»ZVS>J,L�EHX�®-AgJ&IHGoJ,XW¸¿ZVSHJ,CF=R=BOP�WCFA±ZVOPN�J ��
 XW¸¿ZVSHJ@N^;HXoE
CWZ´ZVSHJ@QTS±CFN^¨jJ<=*��ZVS>J,ZV=RCFQTL�Q<XnXo=RIHOPE±CWZRJ<K¥Q<CFE�¨jJ,=BJ<Q<XFEHKBZR=R;HQ ZVJ<I�N#J!CFKB;H=ROPEHG�ZRSHJ�CF=B=ROÊ�FCWAHZVOgN#J
��) XF¸�ZVSHJ[IH=BOP¸�Z-J&AgJ<Q ZV=BXoEHKpCWZ�ZVS>J°KBJ<EHKBJ°®-OP=RJW·

) > )�� � #2� � � ( a � � # � ! % � ��) ! ��
 � � ) 	 � �>e a Ç d Ç e

CFEHI
� > � � � #2� � � � a � � # � ! % � ��) ! ��
 � � ) 	 ���>e � a Ç d Ï e

®-SHJ&=RJ � � # � ! % IHJ<E>XFZVJ&K¶ZRSHJ-IH=ROÊ¸�Z
�oJ<APX�Q&OPZ l�XF¸¿CW¨«Xo;�Z Ï - µ N �WEHK*� ) 	 � � � #2� CF=BJÄZVSHJ-®-Og=BJ%�«XoKBOPZROgXoEHK*�� ) 	 � ��OgK�ZVSHJpZV=VCWQTL�KBAgX"�jJ,CWEHI � (�� � OPK´ZVS>J,Q<J&AgA§N�C.��¸�;HE>Q&ZVOPXoE���®-SHOgQTS�I>J<KRQ&=ROP¨«J&K¥ZVSHJ@J<APJ<Q&ZR=RXoE
IH=BOP¸�Z^APOgEHJ&K<d � Z²OPK^IHOgK��HADC!lFJ<I OgE 
HGo;H=RJ Ç d +�d b ;HJ�ZVX�ZVS>J�ÈxXF=RJ<EmZR:�¸�Xo=RQ&J»ZVSHJ�J&AgJ&Q&ZV=BXoE IH=BOP¸�Z
�±CWZRSHK�CF=BJ]¨jJ<EmZ�¸�=BXoN ZVSHJYSHXo=ROP:<XoEmZVCFA@I>Og=RJ&Q&ZROgXoE)¨�l1CFE�CWEHGoAgJ\XF¸°C.���H=RX 8�OgN�CWZVJ&APl�© -#"<d � Z
KRS>Xo;HAgI ¨«J#EHXFZRJ<I���ZVS±CMZ�ZRSHJ�I>=ROP¸�Z[ZROgN#J#N#J!CWKR;H=BJ<N#J<EmZ�Q&XoEmZTCFOPEHK°EHX]OPE>¸�Xo=RN�CWZROgXoE�XFE ®-SHOPQTS
KROPIHJ^XF¸
ZRSHJ^KBJ<EHKBJ^®-Og=RJ�ZVSHJ^N�;HXoE �±CWKRKRJ&I	ZVSHJ^Q&J<APA�d,º�S>OgK�CFN�¨HOgGo;>OPZ l�Q!CWE	XoEHAPl\¨jJ^=RJ&KRXoAÊ�oJ&I
¨ml#Q<XoN^¨>OgEHOPEHG:�jXoKBOPZVOPXoE�N�J<CFKR;>=RJ<N#J<EmZRK´¸�=RXFN KRJ �oJ<=RCFA_QTSHCFN^¨jJ<=RK&d?��OgN#OgAgCF=RAÊl"�MZVSHJ-ZV=RCFQTL�KRAgX.�«J
S±CFK�ZRX�¨jJ�IHJ&ZRJ<=BN�OPEHJ<I\OPZRJ<=VCMZVOP�FJ<AÊl�®-OÊZVSHOPE�ZRSHJ�ZV=RCFQTL�=RJ&Q<XoE>KBZV=B;HQ&ZROgXoE_d
º�X°I>J<Q<=BJ!CFKBJpZRSHJ�J<=B=RXo=
XFE�ZRSHJ%�jXoKROÊZVOgXFE²N�J<CFKR;H=BJ<N#J<EmZ�OgE>KROgI>JÄXoEHJ�QTS±CWN^¨«J&=1�mZVS>J�N^;HXoE²ZV=RCFQTL

Z #
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2.9 m

Outer Chamber (MO)

16 wires

Middle (MM)

24 wires

Inner (MI)

16 wires

x
x
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x
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x
x
x
x
x
x
x
x
x
x
x
x
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x

x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
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x
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x
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OV

46 cm

5 cm

10 cm

24 Sense Wires

HV MESH

FIELD SHAPING

1 cm

Honeycomb

Alum

x
x
x
x
x

29 Field Wires
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x
x

µ

Receiver

Lens

LED

��zc¦x� � � � 	 4
6�7�8:9<;>=�?&6�@A?&8:BDCFE C��Y8 CA6:=&;���= ;���N<= 7�8 � 6�8�
�
 H.X

OgK�N#J!CWKR;H=BJ<I KRJ �oJ&=VCFA¶ZVOgN#J<K�CFAgXFEHGYOÊZVK:�±CWZVS ZVSH=BXo;HGoS ZRSHJ»Q&J<AgA�dYº�S>J�En;>N^¨«J&=�XF¸�®-OP=RJ&K �jJ<=
QTS±CFN^¨jJ<=Ä®´J<=BJ°QTS>XoKRJ&E\ZRX#¨jJ^© 6^®-OP=RJ<K¥OgE�ZVS>J5� � �"� � QTSHCFN^¨jJ<=RK-CWEHI ÁWÏ ®-Og=BJ<K�OgE�ZRSHJ5� �
QTS±CFN^¨jJ<=&dYº�SHOPK�KBJ&ZR; � OgK°Q<APXoKRJ�ZVX\ZVSHJ�X"�>ZVOPN»CWA
Q<XoE�
HGo;H=VCMZVOgXFE � 6"6��<��®-SHOPQTS N#OgEHOPN�OP:<J<K�ZRSHJ
J<=R=BXo=-XoE�ZVSHJ[N#XoN#J<EmZV;HNiN�J<CFKR;>=RJ<N#J<EmZ<d
?¶CWQTS X�Q ZTCFEmZ�Q<XoEmZVCFOgEHK°X"�>ZROgQ<CFA�KBlnKBZRJ<N#K�¸�Xo=[ZVSHJ#N#XoEHOPZRXo=ROPEHG�XF¸ÄZRSHJ#=RJ<AgCWZVOÊ�oJ�CFAgOPGoEHN#J<EmZ[XF¸
ZVSHJ5� � QTSHCFN^¨jJ<=RK*�§Q!CFAPAgJ<I ½ À7�>Â � � K�� + Ï ��d � E 
±Go;H=BJ Ç d Ï ZVSHJ[�oJ&=BZVOPQ!CFA�CFAPOgGoE>N�J&E�ZÄN�XoE>OPZVXF=ROgE>G
KBlnKBZRJ<N a )�À7�He�Q!CFE\¨jJ�KBJ<J<E_·ÄÀÄZ,J<CFQTS]J&EHI]XW¸�ZVS>J�XnQ&ZVCFEmZ�C�AgOPGoSmZ-J<N#OPZRZROgEHG²I>OgXnIHJ a Èx? b e�OPK
�HADCFQ&J<I�XoE�ZVX"��XF¸`ZRSHJ4� � QTS±CFN�¨«J&=<d � ZVK¥AgOgGFS�Z´OgK �±CFKRKBOgEHG^C^AgJ<E>KRJ�CWZ´ZVSHJ7� � �HADCFE>J�CFEHI�ZRSHJ
OgN�CFGoJ�OPK�N�J<CFKR;H=BJ<I]CWZ�ZVSHJ:� ���HADCFE>J�¨�l\CWE±CFAPln:&OgEHG^ZRSHJ�OPN^¨±CFAgCFEHQ&J�XF¸�ZVSHJ��oXFAPZTCWGoJ�Xo;>Z��H;>Z
XF¸¶C»¸�Xo;H= �n;HCFIH=VCWE�Z �HSHXFZRX�IHOPX�I>JFd�º�SHJ²KRCFN#J�KBlnK ZVJ<N%OgK,OPEHKBZVCFAgAPJ<I]CFAgXoE>G�ZVS>J^: � IHOg=BJ<Q&ZROgXoE�CWZ
ZVSHJ-Z ®¥X�J<IHGoJ&K¥XF¸_J!CFQTS»QTS±CFN^¨jJ<=¶ZVX°N�J<CFKR;H=BJpZRSHJ,I>OgK��>ADCFQ&J<N#J<EmZVK?�«J&=��jJ<EHI>OgQ<;>ADCF=
ZVX[ZVS>J@®-Og=BJ
�HADCFE>J<K<d?�nOgEHQ&J,ZVSHJ�Z ®´X²Xo;>ZRJ<=�k � ADC!loJ&=RK-CF=BJ �HSmlnKROgQ<CFAgAÊl#IHOP�nOgI>J<I�OgEmZRX�Z ®¥X �±CW=BZVK*�HJ!CWQTS\XnQ&ZVCFEmZ
Q<XoEmZTCWOgEHK-EHOPEHJ�SHXo=BOg:<XFE�ZVCFA`CFAPOgGoE>N�J&E�ZÄKBlnKBZRJ<N#K a ¼@À7�>e d
Z �
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º�SHJ�Ë � QTS±CFN�¨«J&=RK¶Q<XoEHKBOgK ZÄXF¸«Z ®¥X^AgC!loJ<=BK´XW¸`IH=ROÊ¸�Z¶Q<J<APAgK
ZVSHCWZÄCW=RJpKRSHOÊ¸�ZVJ<I�¨ml�XFEHJ@SHCFAP¸_Q<J<APA±®-OPZVS
=RJ&K��jJ<Q Z°ZRX�J!CWQTSÍXWZVSHJ&=,ZVX�=BJ<KBXoAP�FJ²AgJ&¸�Z � =BOgGoSmZ,CFN^¨HOPGo;HOPZROgJ&K a KRJ&J 
±Go;H=BJ Ç d 6oe d�º�SHJ l	CF=BJ�
±AgAPJ<I
®-OPZRS	C»GmCWK,N#O 8nZV;H=BJ�XW¸�¬>©od + 2 À,=BGoXoE	CFE>I ->d + 2 �YJ&ZRS±CFEHJWd�?�CFQTS	Q<J&AgA�Q<XoEmZVCFOgEHK@XoEHJ�KROgGFE±CFA
CFEHXnIHJ^®-OP=RJ�CFEHIÍC»Z ®´X]CWAg;HN#OgE�;HN4Q!CMZVSHXnIHJ �HAgCWZVJ&K<d � ¸´C�N^;HXFE �±CFKRKBJ<K°¨«XWZVS�ZVS>J � �iCFEHI
� � QTS±CFN^¨jJ<=�ZRSHJ �jXoKROÊZVOgXFE�XF¸�ZVSHJ^ZR=VCFQTLYOgK�N#J!CWKR;H=BJ<I J<OPGoSmZ�ZVOPN�J&K<d°º�SHJ²=RJ&KRXoAP;>ZVOPXoE�XF¸¶XoEHJ
Q<J&AgA`OPK-CF¨«XF;>Z[©[N�N CFEHI�ZVSHJ[IH=BOP¸�Z��oJ&AgXnQ<OÊZ l�OgK Á ­

µ
N �WEHK&d

Z V
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À,K�KBJ<J<E OPE�KRJ&Q&ZVOPXoE Ç d Á dÊ©"�«ZRSHJ �jXoKROÊZVOgXFE]N#J!CFKB;H=RJ&N�J&E�Z�XF¸
ZVSHJ�N^;HXoE]ZR=VCFQTL\OgE>KROgI>J�ZVS>J²IH=ROÊ¸�Z
QTS±CFN^¨jJ<=BK²=RJ���;HOP=RJ&K^ZVSHJ�L�EHX�®-AgJ&IHGoJ�XF¸-ZRSHJ�CF=B=ROP�WCFA�ZVOPN�J ��
 XF¸-ZVSHJ�N�;HXoE¿d � E Q<XoEmZR=VCFK Z²ZVX
È Ç ��®-SHJ&=RJ,ZRSHJ�CF=B=ROP�WCFA±ZROgN#J@OPK¥GoOÊ�oJ<E�¨ml#ZVSHJ�È�?�k ¨«J<CFN Q<=RXFKRKROPEHG �>CWZVN#XoK��>SHJ<=BOgQ,N�;HXoEHK´Q!CFE
=RJ!CWQTSYZVS>J°I>J&ZVJ&Q&ZRXo=,CMZpCFEml�ZVOgN#JFd
º�S>J<=RJ ¸�Xo=RJ°CFEYCFIHI>OPZVOPXoE±CFA«IHJ&ZRJ<Q ZVXo=-®ÄCWK,CFI>IHJ<I�ZVX�ZVSHJ°È Ç
KRJ&ZR; �¿·´º�SHJ�KBX»Q!CWAgAgJ&I ��
�� IHJ ZVJ<Q ZVXo= � ÁWÏ �xOPK@C ÁFÎmÁ N � KRQ&OgEmZVOPAgAgCWZVXo=¥CF=R=RC!l�Q<X��oJ&=ROgE>G�ZVS>J°=BX�XW¸�XF¸
ZVSHJ@N»CFGFEHJ&Z´XF¸xÈ Ç d � Z¥Q<XoE>KROgK ZVK´XF¸ ÇoÇ N�XnIH;HAPJ<K1�nJ!CWQTS�XF¸ Á �vÇ N � CF=RJ<C��n®-S>OgQTS�CF=BJ@Q&XoN#�«XoKBJ<I
XF¸�KRO 8 ��;±CFIH=RCWZVOPQYQ<CFKRKBJ&ZRZRJ<K*�@CWEHI1XoE>J Á �MÁ N � N�XnIH;HAPJ�N»CFI>J\¸�=BXoN ¸�Xo;H=#Q!CWKRKRJ ZRZRJ<K<d º�SHJ
Q!CFKBKRJ&ZBZVJ&K^Q<XoEmZVCFOgE © 6��>ADCFK ZVOgQ²KBQ<OPE�ZROgAPADCWZRXo=,ZVOPAgJ&K1�`®-SHOgQTS CF=RJ�=RJ<CFI�XF;>Z�¨mlÍJ<OPGoSmZ[®ÄC!�oJ&AgJ&EHGFZVS
KRSHOÊ¸�ZVOgE>G 
±¨jJ<=BK�J!CWQTS a KBJ<J�
±GF;H=RJ&K Ç df­»CFEHI Ç d -me d � ¸¶C�QTSHCF=RGoJ&I �±CF= ZVOgQ&AgJ�ZV=RC!�oJ<=BKRJ&K[C#ZVOPAgJ �§ZRSHJ
�H=RXnIH;HQ&J<I�AgOPGoSmZÄOgK´Q<XoAPAgJ&Q&ZVJ&I�¨ml»ZVS>J 
±¨jJ<=RK-CWEHI�Go;HOgI>J<I�OgE�Z ®¥X�¨H;HE>IHAgJ&KÄZVX�Z ®´X �HSHXFZRXoN^;HAÊZVO �
�HAgOPJ<=RK&d�À,KBKR;H=BOgEHG�ZRS±CWZ�J<CFQTS ¨H;HEHI>AgJ^OPK�XF¸
ZVS>J^KVCFN#J^APJ<EHGFZRS��_OPE]ZVSHCWZ�®¥C�l�C�ADCF=BGoJ^CW=RJ!C�Q!CFE
¨«J�=BJ!CFI XF;>Z^¨ml CYKRN�CFAgA�E�;HN^¨jJ<=^XW¸ �>SHXFZVXFN^;HAPZRO �HAPOgJ&=RK�®-OPZRS �H=BJ<Q<OPKRJ�ZROgN#OgEHGHd\º�SHJ�CWQ&ZV;HCFA
En;>N^¨«J&=-XF¸xZVOgAPJ<K �jJ<=%�>SHXFZVXFN^;HAPZRO �HAPOgJ&=´OPKÄXoEHAÊl�AgOPN�OÊZVJ&I»¨ml�ZVS>J�KROg:&J�XF¸�ZVSHJ7�HS>XFZVXoN�;HAPZRO �HAPOgJ<=BK	�
�HSHXFZRX�Q<CWZVSHXnIHJWd � E�È Ç�� É XoE>J:�HS>XFZVXoN�;HAPZRO �HAPOgJ<=¥=RJ!CWIHK@XF;>Z�¬.6�ZROgAgJ&K-Q<Xo=B=RJ<K��«XFEHIHOgE>G�ZVX�6�N �
KRQ<OPEmZVOgAPADCWZRXo=ÄCW=RJ!C�d
º�SHJ°C��FJ<=RCFGoJ[ZVOgN#J�=BJ<KRXFAg;>ZROgXoE���®-SHOgQTS\OgK-CFQTS>OgJ&�FJ<I��§OPK�©od -²EHK<d
º�SHJ-N»CFOPE�IHOPKVCFI��FCWE�ZVCFGoJ�Q&XoN��HCF=RJ&I^ZVX�Q<XFN�N#XoEHAÊl�;>KRJ<I�ZVJ&QTSHEHO �n;>J<K�OgK�ZRSHJ�KRN�CFAPA�APOgGoSmZ�lnOPJ<AgI_d
��E>APl	C�KBN»CFAPA�¸�=VCWQ&ZVOPXoE	XF¸¶ZVSHJ �H=BX�I>;HQ<J&I APOgGoSmZ�OPK�Go;HOgI>J<I ZVX�ZVSHJ �HS>XFZVXoN�;HAPZRO �HAPOgJ<=BKp�nOgC�ZRSHJ

±¨«J&=RK&d�º�SHJ<=BJ&¸�Xo=BJ�ZVSHJ �HSHXWZVXoN^;>APZVO �HAgOPJ<=BK�SHC��FJ�ZVX[¨«J�X.�«J&=VCWZRJ<I#CWZ
SHOPGoS²GmCFOPE�CFEHI�AgX�® ZVS>=RJ<KBS �
XoAgI¿d�º�SHJ�=RJ&KR;HAÊZVOgE>G�SHOgGoS	E>XoOgKBJ²AgJ&�FJ<A�OPK�KR; ���H=RJ&KRKRJ&I�¨ml	=BJ���;HOg=BOgEHG�Q&XoOgE>Q<OgI>J<EmZ[KROPGoE±CFAPK,¸�=RXoN
Z ®¥X#�HSHXFZRXoN^;HAÊZVO �HAgOPJ<=RK*�n®-S>OgQTSYCF=RJ[Q<XFEHEHJ<Q ZVJ&IYZVX²ZRSHJ[KVCFN#J�ZVOPAgJFd
Z �
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� EÍXo=RIHJ&=�ZVX�=R;>EÍOPE �±CF=VCWAgAgJ&A�®-OÊZVS	ZVS>J�È Ç Èx?�k I±CWZVC�ZTCFL�OgE>G�CFEHI	ZVX�¨jJ�CF¨HAgJ^ZRX�ZV=ROPGoGoJ&=,OgE
¨jJ&Z ®´J<J<E�ZVS>J¥¨jJ!CFNÌQ<XoAPAgOPKROgXFEHK1�MCFIHI>OPZVOPXoE±CFA�J&AgJ<Q ZV=BXoEHOgQ&K�®´J<=BJÄOgEHK ZTCFAPAgJ&I�¸�Xo=xZVSHJ¥KBZV;>I>l^XF¸±CWZVN#X �
K��>SHJ<=BOgQ[N^;HXoE>K<d�h�OPGo;H=RJ Ç df¬^KBSHX�®-K,C^KBOgN#�HAgO

±J<I»�FJ<=BKROgXFE\XW¸�ZRSHJ[È Ç�� É�=BJ!CFIHXF;>ZpCFEHI�ZV=BOgGoGFJ<=
QTS±CFOPE¿d[À@¸�ZRJ<= �±CWKRKROPEHG�C�IHOPKRQ<=BOgN#OgE±CMZVXo=*�§ZRSHJ^IHOPGoOPZVCFAxKROPGoE±CFAPK@¸�=RXFN ZRSHJ^N^;HXFE	QTS±CFN^¨jJ<=BK[CF=RJ
K��>AgOPZ^OgEmZVX]Z ®´X I±CWZVC�KBZV=BJ!CFN#K²¨ml ZVS>J�KRX Q!CWAgAgJ&I ÉÄk¶É¥K a É¥XoKBN�OPQ�k�J&=RKRXFE±CFAgOÊZ l ÉÄCF=BIHKTe � ­ Á ��d
��EHJ²KBZR=RJ<CFN OPK�IHOP=RJ<Q ZVAÊl��HCFKRKBJ<I ZVX�ZVS>J²È Ç =RJ!CWIHXo;>Z�K lnKBZVJ&N��¿®-S>J<=RJ<CFK�ZVS>J²XFZVSHJ&=�OgKp¸�;H=BZRSHJ<=
�H=BX�Q&J<KRKBJ<IY¨�l�N�J<CFKR;H=BOgEHG^ZRSHJ�KROPGoE±CFAjZVOPN�J&K¥®-OPZRS\º b É¥K a º�OgN#J,ZVX b OPGoOPZVCFA«É¥XoEm�oJ<= ZVJ&=RKTe � Ï ¬��
AgXnQ!CMZVJ<I�OPEHKROPIHJ�ZVSHJ�ÉÄk¶É¥K<d � E�ZVXFZVCFA`¬"6^®-Og=BJ<K-Q!CWEY¨jJ[=RJ!CWI\XF;>Zp¨�l�XoEHJ�ÉÄk¶É,d
º�SHJÍk � QTS±CWN^¨«J&=�KROPGoE±CFAPK�CF=BJ�KBZR=RJ ZVQTSHJ&I ZVX ZRSHJ�N�C�8�OgN^;>N I>=ROP¸�Z�ZVOPN�J\®-OPZVS>OgE XoE>J k � Q<J&AgA
a ©Fd Á
µ
KTe^CFE>I1C �BN�CvÃBXo=BOPZ l KROPGoE±CFA ��OgK²KBJ<EHI ZVX	ZVS>J�ZR=ROPGoGoJ<=�®-SHJ<EHJ �oJ&=#ZRSHJ�En;>N^¨«J&=²XF¸@Q<X �

OgE>Q<OgI>J<EmZ�S>OPZVK°J08�Q&J<J<I>K�C��H=BXoGo=VCWN�N�CF¨HAPJ^ZVSH=BJ<KRS>XoAgI¿d �nOgEHQ&J»XoEHJ»ÉÄk¶É OgK°Q<XoEHE>J<Q&ZRJ<I ZRX]KRO 8
� � �"� � XF=-¸�XF;H= � � Q<J&AgAPK1�HZVS>OgK-KR;HN#N�CF=ROP:<J<I\KROPGoE±CFA`Q<CFE]¨jJ°;HKRJ&I]ZVX#OgEHI>OgQ!CMZVJ°C#N�;HXoE]S>OPZ
®-OPZRSHOgE	XFEHJ²QTS±CFN^¨jJ<=&d^º�SHJ²ZVS>=RJ<KBSHXoAPI ®¥CFK�KBJ&Z[ZVX�J&OgGoSmZ[SHOÊZVK�OPE ©�¬o¬o¬�CFE>I ZRSHJ<EÍIHJ&Q<=RJ<CFKRJ&I
ZVX�KBJ&�FJ<E�S>OPZVKp¸�Xo=,ZRSHJ ÁFÎoÎoÎ I±CWZTC»ZRX�CFQ<Q&Xo;HEmZ�¸�Xo=�Q&J<APA�Q<=BXoKRKBOgEHG�ZR=VCFQTL�K�®-OÊZVSHOPE]ZVSHJ#� � �"� �
Q<J&AgAPK<d
º�SHJ�KBQ<OPE�ZROgAPADCWZRXo=�KROPGoE±CFAPK�CW=RJ»I>OgKRQ&=ROPN�OPE±CWZVJ&I OgEHKBOgIHJ�ZVSHJ»È Ç É b � © ÎmÁ �¶;HEHOÊZVK�CFEHI OPE�Q!CWKRJ»XW¸
C	Q<XoOPEHQ<OPIHJ<EmZ�KBOgGoE±CWA¥¸�=RXoN+Z ®¥X(�HSHXWZVXoN^;>APZVO �HAgOPJ<=BK�XF¸pXoE>J\N#XnIH;HAgJ ��ZVSHJ&KRJ�Z ®´XÍZR=ROgGFGoJ<=BK�CF=RJ
�±CFKBKRJ&I�ZVXYC\K��«J&Q<OgCFA´ÉÄk´ÉÌQ!CF=BI a ZRSHJ�KRQ&OgEmZVOPAgADCMZVXo=[ÉÄk¶É�e �x®-S>J<=RJ»CFGmCFOPE º b É¥K�IHOPGoOPZROg:&J�ZVSHJ
KROPGoE±CFAHZROgN#J<K&d�À,K�OPE#Q<CFKRJpXF¸«ZVSHJ-N^;HXFE�QTS±CWN^¨«J&=�KROgGFE±CFAgK*�mXoEHAÊl^ZVSHJ�ZROgN#J<K1�m¨>;>Z¶EHXFZ�ZVSHJ �H;>AgKRJ
SHJ&OgGoSmZ�XW¸
ZVSHJ�KROgGFE±CFAgKpOgK@N�J<CFKR;>=RJ<I_d,º�X�OgEHIHOPQ!CWZRJ°ZRSHJ �>=RJ<KBJ<EHQ&J²XF¸¶CWZ,AgJ!CWKBZ@XoEHJ^KBQ<OgEmZROgAgAgCWZVXF=

Z
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SHOPZ1�>ZVSHJ[KBQ<OgEmZROgAgAgCWZVXF=ÄÉÄk¶É KBJ<EHIHK,C²AgXoGoOPQ!CFA � ½ XF¸�CFAgA«Q<XoOPEHQ<OPIHJ<EmZ-KROPGoE±CFAPKÄZVX²ZVS>J[ZR=ROPGoGoJ<=&d
º�SHJ]IHJ&Q<OPKROgXFE��¶®-S>J&ZVS>J<=�ZRSHJ\J&�oJ&EmZ�OgK�;HKBJ&¸�;HA�¸�Xo= �HSmlnKROPQ<K�CWE±CFAPlnKBOgK�OgK²ZTCWLFJ<E1¨�l ZRSHJ]É¥º�º
a É¥XoKBN�OPQ<K-º�=BOgGoGFJ<=-CFEHIYº�OgN#OgEHGme´N�XnIH;HAPJ�� © Ç + ��d � Z@=RJ&Q<J&OP�oJ&KpZRSHJ°N»CvÃBXF=ROPZ l»KROPGoE±CFAPKÄ¸�=RXoN ZRSHJ
k � QTS±CFN^¨jJ<=²ÉÄk´É¥K#CFE>I ZVSHJ�� ½ J<I KRQ&OgEmZVOPAgAgCWZVXo=[KBOgGoE±CWAgK1��Xo;>Z²XF¸-®-SHOPQTS ZVSHJ�ZR=ROPGoGoJ<=°Q<AgCFKRKBJ<K
AgOgK ZVJ&I\OPE�ZTCF¨HAPJ Ç dÊ©�CW=RJ�¸�Xo=BN�J&I¿·

��� �j� � wn� � w��jwn�«tv{ 	 É¥ADCWKRK-©@OPIHJ<EmZRO�
±J&K¶N�;HXoEHK
®-OPZRS»C4�H=BJ<Q<OPKRJ�ZVOPN�OPEHG[CFEHI�C�¸�;HAgAÊl�Q&XoEmZTCFOPEHJ<I
ZV=VCWQTL»®-OPZRSHOgE�XoEHJ[XnQ&ZVCFEmZ!d
� |Ft�r±�«t]|o�v�j{!{!zc��¦ wm�jwn�«tv{ 	 À@APZRSHXo;HGoSÍÈ Ç �H=RX��nOgI>J<K°XoEHAPl�CFAgOPGoEHN#J<EmZ�OPE>¸�Xo=RN�CWZROgXoEYXoEÍZRSHJ
QTS±CFN^¨jJ<=BK�®-OPZVS>OgE�XoE>J^X�Q ZTCFEmZ1�`C»Q<XFEHKROPIHJ<=RCF¨HAgJ�OgEHQ&=RJ!CWKRJ^XF¸�ZRSHJ²È Ç�� ÉsCFQ<Q&J1�>ZVCFEHQ<J�N�C!lY¨jJ
�«XoKBKROP¨HAgJ�¨�l =RJ&Q<XoE>KBZV=B;HQ&ZROgEHG	ZR=VCFQTL�K1��®-S>OgQTS �±CFKBK�ZVSH=BXo;HGoS KBJ&�FJ<=VCWAÄX�Q ZTCFEmZRK<d	º�SHJ&KRJ�J&�FJ<EmZVK
CF=RJ[ADCW¨«J&AgJ<I�CWKpQ&ADCFKBK$+ � 6��§­²CFE>I,->d
3 �
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��� |mzcwn��|F£ |m��r±{!{&w�{ 	 º�X KBZV;>I>l�ZRSHJ�ZV=BOgGoGoJ&=1�
QTS±CWN^¨«J&=²CFEHI KBQ<OgEmZROgAgAgCWZVXF=°J0&#Q<OgJ&EHQ<OPJ<K*�¥CFAPKRX
J&�FJ<EmZVK@®-OPZVS>Xo;>Z@C#KBQ<OPE�ZROgAPADCWZRXo=¥SHOÊZ-Xo=-AgJ&KRK�ZVS±CWEYZVS>=RJ<J°SHOÊZ-QTS±CFN^¨jJ<=BKp®-OÊZVSHOPE\XFEHJ�XnQ&ZVCFEmZ@CF=RJ
ZV=BOgGoGFJ<=RJ&I a Q<AgCFKRKBJ<K Ç � Ï � + � 6��§­ � -�CFE>I]¬me d
�_�
w�|mz�r±�¥t��Mz�¦§¦jw��M{ 	 h±;H= ZVSHJ&=-ZR=ROPGoGoJ<=�Q&ADCFKBKRJ&K,CF=BJ[OgEmZV=BX�IH;>Q<J<I\¸�Xo=-K��jJ<Q&ODCFAxCFEHCFAPlnKRJ&K<·¥É¥ADCFKBK Á
OgI>J<EmZVO

±J<K�SHXo=BOg:&XoEmZTCFAÄN�;HXoEHK*�¶®-SHOPQTS1CW=RJ�Q!CWEHIHOgIHCWZVJ&K�¸�XF=²EHJ<;>ZR=ROPEHX OgEHIH;>Q<J<I J&�FJ<EmZVK*�ÄKROPEHQ<J
ZVS>J�È Ç I>J&ZVJ&Q&ZRXo=�OPK�KBSHOgJ&AgIHJ&I)¨ml)CF¨jXo;>Z ÁWÏ L�N XW¸�J!CW=BZVS ¸�=RXoN ZVSHOPK�IHOP=RJ&Q&ZVOPXoE¿d)À KBJ!CF=BQTS
¸�Xo=[J08�XFZROgQ�J&�FJ<EmZVK*��O�dBJFd¿I>J<Q!C!lnK�XW¸ÄSHJ<C���l QTS±CW=RGoJ&I �±CF= ZVOPQ<AgJ&K � Ï ­ � �xOPK5�jXoKBKROg¨>AgJ²¨ml =RJ&Q<Xo=BIHOgEHG
ZV=BOgGoGFJ<=RKÄ¸�;>A�
±APAgOgE>G�Q<AgCFKRK[© Î �¿©o©°CFEHIÍ© Á =RJ �n;>Og=RJ&N�J&EmZVK<d

� ��r±{!{ ��wn{!|o�Mz���tvz��j�
© º�S>=RJ<J°QTS±CFN�¨«J&=RK-OgE\CFEml�XnQ&ZVCFEmZ ��~Y� C�KRQ&OgEmZVOPAgAgCWZVXo=¶SHOÊZ!d
Á º�S>=RJ<J°QTS±CFN�¨«J&=RK-OgE�XnQ&ZTCWE�Z Î Xo= Ï ��~]� ~ � KRQ&OgEmZVOPAgAgCWZVXo=´SHOPZ<d
Ç º�S>=RJ<J°QTS±CFN�¨«J&=RK-OgE�XnQ&ZTCWE�Z[©.� Á XF= Ç ��~Y� ~ � KBQ<OPE�ZROgAPADCWZRXo=¥SHOÊZ!d
Ï º�S>=RJ<J°QTS±CFN�¨«J&=RK-OgE�XnQ&ZTCWE�Z + � 6�XF=p­ ��~Y� ~ � KBQ<OPE�ZROgAPADCWZRXo=¥SHOÊZ!d
+ º�S>=RJ<J°KROPEHGoAPJ&ZVK�OPE�CFIMÃRCFQ&J<EmZ@X�Q ZTCFEmZVK ��~Y� C�KRQ&OgEmZVOPAgADCMZVXo=¶SHOPZ<d
6 ºÄ®´X�ZVOgN#J<KÄZ ®´X#QTS±CFN^¨jJ<=BK ��~Y� C�KRQ&OgEmZVOPAgADCMZVXo=¶SHOPZ<d
­ ºÄ®´X#QTS±CFN^¨jJ<=BK,CFE>I�Z ®´X»KBOgEHGFAgJ&ZRK ��~]� C#KBQ<OPE�ZROgAPADCWZRXo=´S>OPZ!d
- ºÄ®´X#QTS±CFN^¨jJ<=BK,CFE>IYC�KROPEHGoAPJ&Z ��~Y� C²KRQ&OgEmZVOPAgADCMZVXo=´SHOPZ<d
¬ ºÄ®´X#QTS±CFN^¨jJ<=BK ��~Y� C�KRQ&OgEmZVOPAgADCMZVXo=¶SHOPZ<d
© Î º�S>=RJ<J�QTS±CWN^¨«J&=RK[CFE>I CMZ�AgJ<CFKBZ[XoE>J^XFZVS>J<=�QTS±CFN�¨«J&= ��~]� ~ � KRQ&OgEmZVOPAgADCMZVXo=

=BJ���;HOP=RJ<N#J<EmZ<d
©o© h�OP�oJ�QTSHCFN^¨jJ<=RK a E>X#KBQ<OPE�ZROgAPADCWZRXo=¥=BJ���;HOg=BJ<N#J<EmZ e d
© Á �nO 8�XF=�N�Xo=BJ�QTS±CFN^¨jJ<=BK a EHX�KRQ&OgEmZVOPAgADCMZVXo=´=RJ���;HOP=RJ&N�J&E�ZTe d

�¥r>�´� � � � 	 �
7�8�=�B 8�
 @>8 � �8� =�Q:? RARS8:Q 6�
 ;,H�HA8�H.X

º�SHJ�J �oJ&E�Z�ZROgN#OgEHG[OPK �H=BXv�nOPIHJ<I�¨ml#ZVSHJ�U°k?��º � �%N#X�I>;HAgJ � © Î ©	�<��®-SHOPQTS�=RJ<CFIHKÄXF;>Z¥ZRSHJ�CF¨>KRX �
Ag;�ZVJ´ZROgN#J´¸�=BXoNsZVSHJ-U[k?� a U�AgXo¨HCFAnk�XoKBOPZVOPXoEHOPEHG ��l�K ZVJ&N�e�=BJ<Q<J&OP�FJ<=<d
U[OÊ�oJ<E�ZVSHJ�J 8HCWQ&Z�CF¨>KRXoAP;>ZVJ
J&�FJ<EmZ�ZVOPN�J �jÈ Ç�� É OPK�CF¨>AgJ[ZVX�KBJ!CF=BQTS�¸�Xo=,CWKBZV=BXoEHXoN#OgQ<CFAxQ<XoKBN�OPQ�=RC!l��jXoOPE�Z,KRXo;>=RQ<J&K�CFEHI]Q<X �
OgE>Q<OgI>J<EHQ&J<K¥®-OÊZVS�XFZRSHJ<=¥IHJ&ZRJ<Q&ZRXo=RK � Á + ��d?�YXF=RJ<X��FJ<=ÄZVS>J[U°k?��º � �%N#XnIH;HAgJpSHXoK ZVK�C�©�¼@:�Q&AgXnQTL
CFEHIÍC]© Î �]¼@:²APOP�oJ � ZROgN#J�Q&Xo;HEmZVJ&=1�¿®-SHOPQTS CF=RJ²K ZTCF= ZVJ<I CMZ�ZVSHJ²¨jJ<GFOgEHEHOPEHG»XW¸¥C�IHCWZTC»ZVCFL�OgEHG
=R;>E¿d�Æ¥XFZRS»Q!CWE»¨jJ@;HKBJ<I»ZRX�J �WCFAg;±CMZVJ-ZVSHJpIHJ!CWI�ZVOPN�J-XF¸«ZVSHJpJ08 �jJ<=BOgN#J<EmZ a KRJ&J,QTS±C.��ZVJ<= +�d Ç dP©�e d
º�SHJ[J&�FJ<EmZ@¨H;HOgAPIHOgE>G�OgK�I>XoEHJ�¨ml�ZVS>J[Â � � ½ � b N�XnIH;HAPJ<K � ­�©"� ­ Ç �<��®-SHOPQTSYQ&XoN^¨HOPEHJ,ZVS>J�I±CWZTC
¸�=RXFN ; ��ZVX�© 6#ÉÄk¶É¥K@OPE�ZRX#C�KBOgEHGFAgJ�Xo;>Z��H;>Zp¨HAPX�QTL§d
º�SHJ�I±CWZVC»¸�=RXoN4ZVS>J�ZV=BOgGoGoJ&=1�xU[k?��º � �"N�XnIH;HAPJ^CFE>I�ZVSHJ�Â � � ½ � b K[CF=RJ�Q<XoAPAgJ<Q ZVJ&I	¨�lYZVSHJ
I±CWZVC�CFQ ��;HOgKBOPZVOPXoE#KBlnKBZRJ<N a�b À
�°e � ©F© 6��<��®-S>OgQTS�OPK¥CFAPKRX°=RJ&K��jXoEHKROP¨HAgJp¸�Xo=�KRJ&EHIHOgE>G^OgE>¸�XF=RN�CWZVOPXoE
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XoE\ZRSHJ[=R;HE�Q&XoEHIHOÊZVOgXFEHKÄZVX²ZVS>J°IHCWZTC²¨±CFKBJFd
h�OgE±CWAgAPl.��CFE�J �oJ<EmZ�OgK¿®-=BOPZRZRJ<E�ZVX-IHOPKRL ��®-SHOgQTS°Q<XFE�ZVCFOgE>K¿ZVSHJ
º b É	Q<Xo;>E�ZRK�XW¸nZRSHJ�IH=ROÊ¸�Z`QTS±CFN�¨«J&=RK
CFEHI�ZVS>J�KRQ&OgEmZVOPAgADCMZVXo=BK1�mZVSHJ,N»CvÃBXF=ROPZ l#KBOgGoE±CWAgK1��ZV=BOgGoGFJ<=¶Q<ADCWKRKRJ&K-CFEHI�ZRSHJ,ZVOPN�JpKBZVCFN#��CFEHI�AgOÊ�oJ �
ZVOgN#J-OgE>¸�XF=RN�CWZVOPXoE^¸�=RXoN ZRSHJ�U[k?��º � �%N#X�IH;>AgJFd�À Z l �HOPQ!CFA«È Ç�� É)J&�FJ<EmZ�S±CWKÄC�KBOg:&J,XF¸
©@LnÆ,d
º�SHJ<=BJ&¸�Xo=BJ,ZVSHJpIHJ ZVJ<Q ZVXo= �H=RXnIH;HQ&J<KÄC°I±CWZVC�KBZR=RJ<CFNiXW¸`CF¨jXo;>Z + ÎoÎ L�Æ �WK1�n®-SHOgQTS�OPK¶®´J<APAj®-OÊZVSHOPE
ZVSHJ[N�C�8�OgN^;HN I±CWZVC#=RCWZVJ�XW¸¥©:�]Æ �MKpZRSHJ b À
�¤KBlnKBZRJ<N4OgK-CF¨>AgJ�ZVX�S±CWEHIHAgJWd
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º�SHJ²È Ç�� É J&�FJ<EmZ[=RJ&Q<XoE>KBZV=B;HQ&ZROgXoEY¸�=RXoN4=VC!®Ìº b É N#J!CFKB;H=RJ&N�J&E�ZRK�ZVX»C»N^;HXoE]N�XoN#J<EmZR;HN
CFEHI IHOg=BJ<Q&ZROgXoE CFKY®´J<APA^CFK\ZVSHJ KROPN^;HADCMZVOgXFE Q&XoEHQ&J1�>Z�®-OPAgA[¨jJ�J08 �HAgCFOgE>J<I OPE ZVS>OgK]QTSHC.�>ZVJ&=<d
h±Xo=�CYN#Xo=RJ²�nOP�nOgI IHJ<KBQ<=BO �>ZROgXoE���OPZ[®-OgAPA
XF¸�ZVJ&E�¨jJ»=BJ&¸�J<=B=RJ&I�ZVX]CFE�J 8HCWN��HAPJ�J �oJ&E�Z1��®-SHOPQTS OgK
KRS>Xv®-E OPE ZVS>J�
±Go;>=RJ<K�XoE ZRSHJ�EHJ 8�Z�Z ®¥X �HCFGoJ<K&d � E 
HGo;H=RJ Ï dÊ©»ZVSHJ�Go=VC �HSHOgQ<CFA�IHOgK��HADC!lÍXF¸-C
¸�;HAPAPl�=RJ&Q<XoE>KBZV=B;HQ&ZRJ<I	N^;>XoEYZR=VCFQTL\OgE�ZVSHJ�N»CWGoEHJ&ZROgQ°¨«J&EHIHOPEHG �HAgCFEHJ°Q!CFE]¨«J�KRJ<J&E��¿CWK@®´J<AgA�CFK
:<XnXoN#J<I OgN�CFGoJ&K�XF¸pZVS>J �±CF=BZRK²XF¸pZVSHJ�k � QTSHCFN^¨jJ<=RK²ZRSHJ�N^;HXoE ®´J<EmZ#ZVSH=BXo;HGoS_d h�OPGo;H=RJ Ï d Á
KRS>Xv®-K�ZRSHJ^KRCFN�J°J&�FJ<EmZ[OgEYZVSHJ:�HADCFE>J^CFAPXoEHG�ZVSHJ²Èx?�k�¨«J<CFN C�8�OgK1�«CFEHI C#:<XnXoN#J<I�OPN»CFGFJ°XW¸
XoEHJ�Ë � QTS±CFN^¨jJ<=�AgC�lFJ<=&d#��J&�FJ<=VCWA�¸�J<CWZV;>=RJ<K°XF¸¥C�È Ç�� ÉsJ&�FJ<EmZ ��®-SHOgQTSÍS±C!�oJ�ZVX�¨jJ�CFQ<Q&Xo;HEmZVJ&I
¸�Xo=�OPE�ZRSHJ[=RJ&Q<XoEHK ZV=B;HQ&ZROgXoE��±Q<CFE\¨«J[KRJ&J<E¿·

� �¥�vr±|v� u�z�tv{\rH� � r±y	��zc¦j��z�tvz�wn{ 	 ��OPEHQ<J²ZRSHJ�=RJ<Q&Xo=RI>J<I IH=BOP¸�Z�ZROgN#J<K�XF¸¶ZVSHJ�k CFE>I Ë �
QTS±CWN^¨«J&=RK�IHX�E>XFZ�ZVJ&AgA<�j¸�=BXoN ®-S>OgQTS	KROPIHJ�ZRSHJ^J<APJ<Q ZV=RXFEHK�®¥J&=RJ�C.���H=RXmCWQTSHOgEHG�ZRSHJ^KBJ<EHKBJ
®-OP=RJ<K*�HCWZ´ZVSHJ,¨«J&GoOgEHE>OgEHG�XF¸`ZVSHJ@=RJ&Q<XoEHK ZV=B;HQ&ZROgXoE��>¨«XFZRS�N#Og=R=BXo=�OgN�CFGoJ&K´XF¸`ZRSHJ�SHOÊZ �jXoKBO �
ZROgXoE²N^;>KBZ¶¨«JÄZVCFLFJ&E�OPEmZVX°CFQ<Q&Xo;HEmZ a KBJ<JpI±CFKBSHJ<I#AgOPEHJ<K�OPE 
±Go;H=BJ<K Ï dÊ© a C � Q.� J � G�e�CFEHI�KBN»CFAPA
Q&=RXoKBKRJ<K¥OgE�
±Go;H=BJ Ï d Á a ¨§eRe d�º�SHJ<KBJ�CFN�¨HOgGo;>OPZVOPJ<K
Q<CFE»XoE>APl^ZRX�¨jJ@=BJ<KBXoAP�FJ<I�¨ml#Q<XoN�¨HOgEHOPEHG
ZRSHJ�ZV=VCWQTL�OgE>¸�Xo=BN»CMZVOgXFE�¸�=RXFN IHO !_J&=RJ<EmZpQTS±CFN�¨«J&=RK<d

� ~\�«zc{<w�u�z�t�{ 	 º�S>J�=RJ&Q<XoEHK ZV=B;HQ&ZROgXoE�SHCFK´ZRX^Q<X"�jJ@®-OÊZVS�KBOgGoEHCFAgK*��®-S>OgQTS�IHX�EHXFZÄXF=ROgGFOgE±CWZRJ
¸�=BXoN C�N�;HXoE��
¨H;�Z²J<OÊZVSHJ&=�¸�=RXoN+KRJ&Q<XoE>I±CF=Bl �H=RXnIH;HQ&J<I �±CF= ZVOPQ<AgJ&K1��XF=^=VCFE>IHXoN+IHJ&ZRJ<Q �
ZRXo=�E>XoOgKBJF·�À AgX�® J<EHJ&=RGoJ ZVOgQ#ZV=RCFQTL	Q!CFE�¨«J#KRJ&J<E OPEÍZRSHJ»; ���«J&=RN#XoKBZ�k � QTS±CWN^¨«J&= a KRJ<J

±GF;H=RJ Ï dÊ© a CoeBe �§®-S>OgQTS]OPK �H=RJ&KR;HN�CF¨HAÊl�C#I>J<APZVC#=RC!l�J<APJ<Q&ZR=RXoE �§®-S>OgQTSY®¥CFKpKBZR=R;HQTL�X�!ÍCFE
CWZRXoN OPE�ZVSHJ[N�CFKRKBOP�oJ[N�CFGoEHJ Z-KBZR=R;HQ ZV;H=BJ�KB;H=R=BXo;HEHIHOPEHG²ZVSHJ[N^;>XoEYQTSHCFN^¨jJ<=RK&d
Æ¥J loXoE>I�ZVS±CWZ1�jZ ®´X�KBQ<OgEmZROgAgAgCWZVXF=ÄN�XnIH;HAPJ<Kp=RJ&Q<Xo=BIHJ<I	C#SHOPZ1�§XoEHJ�XW¸�®-SHOgQTS]N^;HKBZ@¨jJ�IH;HJ
ZRX#=RCFEHIHXFN �HSHXFZRXoN^;HAÊZVO �HAgOPJ<=¶EHXoOgKBJFd

3 3



���������
	�� � 
�� 3�� � 	 � 	 � � ��	��Y� � �A���Y� �Y����� � � � � �W� � � � � ����� �Run #     59931    Event #399906
Data 

Event DAQ Time :    991108  145821

x

y

z

    5 0 . 5 1 5  mm
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Run #     59931    Event #399906
Data 

Event DAQ Time :    991108  145821

x

y

z

    5 0 . 4 3 4  mm
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Run #     59931    Event #399906
Data 

Event DAQ Time :    991108  145821

x

y

z

    5 0 . 8 4 4  mm

� � ������	 
�� � �  "���

� 0 ��� ����� ! � ��� �$ ��	������ �!� �  ��Run #     59931    Event #399906
Data 

Event DAQ Time :    991108  145821

x

y

z

    5 1 . 0 0 6  mm

� � ������	 
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Run #     59931    Event #399906
Data 

Event DAQ Time :    991108  145821

x

y

z

    5 0 . 6 2 6  mm

�%$&������	 
���� �  "��"

Run #     59931    Event #399906
Data 

Event DAQ Time :    991108  145821

x

y

z

    5 0 . 6 6 7  mm

� � �����
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��zc¦x� � � � 	 ��Q 8�6�C�� H:= Q U�6:=F8ON 9GU�C�� 8:@>8���= ?�� = 7�8�L �+�2V 
 ;��Y8�� �
7�8 8:@>8���= 6�C���=&;>?�� HG=�B C HA6:?����
= ?�
�
 ;>=)C,Q 9 C.N>U2
28�H B ?�= 7 ;P= ?�9 85H:? R���;�
 X 4�U1� K R>UMQ 8�H ;��O6 %�8���RP;>Q�8 � CAC,9 8ON<?�9<;ARS8�H CFE = 7�8 9GU�C��
6�7 ;>9��:8:Q Q 8&R>?&C�� H B ?�=�7 7S?�=�H.X �
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 ?��Y8�H NS8��YC,=F8 U���UTHA8ON HA8&R>9 8���= ;>9��.? R>UM?�=�?&8�H.X

3 �



Run #     59931    Event #399906
Data 

Event DAQ Time :    991108  145821

x

y

z

   9 0 0 . 0 0 0  mm

��� ��� ����� ! � ��� �$ ��	��
�
�
��� �  ��

Run #     59931    Event #399906
Data 

Event DAQ Time :    991108  145821

x

y

z

    5 0 . 9 5 3  mm

� 
 � � ��	 
���� �  "� �

��z�¦�� � � � 	 � Q 8�6�C�� H:=�Q:U�6:=)8ON 9GU�C�� 8:@>8���= ?�� = 7�8F� � �2V 
 ;��Y8.XG4�UM� K R>USQ 8�� H�7�C,B�H =�7�8 � CAC,9 8ON
@A?&8:B CFE =�7�8�! ! 6�7 ;>9��:8:Q ?�� CA6:=&;���=7! =)CORS8:= 7�8:Q�B ?�=�7 =�7�8 K = =)8ON � �&HA8&R>9 8���=

3 #



���������
	�� � 
�� 3�� � 	 � 	 � � ��	��Y� � �A���Y� �Y����� � � � � �W� � � � � ����� �

� ���xwn�v¦±£)�c�j{!{²zc��{!z � w�tvu�w � w�t!w�|Ft!�j� 	 º�S>J°I>OgK��>ADC!loJ&I\N�;HXoE�ZV=RC��FJ<=BKRJ<K@CFAPA_QTS±CFN�¨«J&=RK
XF¸-Z ®¥X XnQ&ZVCFEmZVK<d º�SHOgK²L�OPEHI XF¸pJ&�oJ&EmZ�OPK^J<K��«J&Q<OgCFAgAÊl�;HKBJ&¸�;HAÄ¸�XF=�ZVSHJ�N�;HXoE K��jJ<Q ZV=B;HN
CFE±CFAÊlnKROgK*�FKBOgEHQ&J´ZVS>JÄN^;HXoE�ZV=VCWQTL°Q<CFE²¨jJ¥N#J!CFKB;H=RJ&I^Z ®¥X,ZROgN#J<K a CFAPN�XFKBZ e`OgE>IHJ1�jJ<EHI>J<EmZVAÊl
OgE�Z ®¥X�IHO"!«J<=BJ<EmZ@KR;H¨YIHJ&ZRJ<Q&ZRXo=RK&d b ;HJ�ZVX#ZVSHJ°ADCF=BGoJ�E�;HN^¨jJ<=pXF¸�S>OPZVK-X��oJ&=�C�AgXoE>G#�HCWZVS
AgJ&EHGFZVS �¥ZVSHJ�ZV=RCFQTL �±CF=RCFN�J ZVJ&=RK#Q!CFE ¨jJ\IHJ&ZRJ<=RN#OgE>J<I)�FJ<= l��H=BJ<Q&OgKRJ&APlFd ��E)ZVSHJ\XFZVS>J<=
S±CFEHI ��¸�XF=^KR;HQTS)CFE J �oJ<EmZ�ZVX.�«XoAPXoGFl.��ZVSHJ �>=RXo¨±CW¨HOgAPOPZ l	ZVSHCWZ^ZVS>J�N^;HXoE ZR=VC!�oJ&=RKRJ&K#ZRSHJ
È Ç OgEHEHJ&=�IHJ&ZRJ<Q ZVXo=BK°OPK�=VCMZVSHJ&=�ADCF=BGoJFd°À,K�N#J<EmZVOPXoEHJ&I	OgE�ZVS>J �H=RJ ��OPXo;HK�QTS±C �>ZVJ&=1�`ZVSHJ&KRJ
IHJ&ZRJ<Q ZVXo=7�±CW=BZVK�CF=RJ^E>XFZ�=BJ!CFI	Xo;�Z�¨ml	È Ç�� É �«ZRSHJ<=BJ&¸�Xo=BJ�ZVSHJ�=RJ<Q&XoEHK ZV=R;>Q&ZVOPXoE �H=RXFGo=VCFN
S±CFK¶ZVX^CWQ<Q<XF;HEmZ¥¸�Xo=�ZVSHJ@J<EHJ&=RGFl#APXoKRK´CFEHI�N�;HAPZRO �HAPJ�KRQ!CMZRZVJ&=ROPEHG�®-OÊZVSHOPE#ZRSHJ<KBJ�IHJ&ZRJ<Q ZVXo=BK<d
� E)ZRSHJYJ 8>CFN��>AgJ.�¶ZVSHJ\N^;HXFE �±CWKRKRJ&K�CF¨jXo;>Z Á © ÎFÎ G��WQ<N � N�CWZRZRJ<=*�´Q&Xo=R=BJ<K��jXoEHI>OgEHGÍZVX
CF¨jXo;>Z Ï U[J0)ÌJ<EHJ&=RGFl�APXoKRK&d�ÀÄZ@N�C�8�OgN�;HN CW¨«Xo;�Z Ç + ÎoÎ G �WQ&N � CF=BJ7�«XFKRKROP¨HAgJWd

� q¤����tvz`y ���j��{ 	 À,IHI>OPZVOPXoE±CFA �H=BXo¨HAPJ<N#K�CF=BOgKRJ¥IH;HJ¥ZRX,ZVSHJ �«XoKBKROP¨HOgAPOPZ l[XF¸§N#Xo=RJ¶ZVS±CWE²XoEHJ
N^;HXoE �jJ<=,J&�oJ&EmZ!d �nOgEHQ&J^ZVSHJ^N�;HXoEHK�XF¸�KB;HQTS C�N^;HAPZRO � N^;HXoE\J&�FJ<EmZ°;HKR;±CWAgAPlYXo=BOgGoOPE±CWZVJ
¸�=RXoN ZRSHJ°KVCFN#J�KBSHX�®¥J&=1�_ZRSHJ&l\S±C!�FJ �±CF=RCFAgAPJ<A`IHOP=RJ&Q&ZVOPXoEHK�®-SHJ&E	J<EmZVJ&=ROgE>G�ZVS>J�IHJ ZVJ<Q ZVXo=&d
¼@X�®´J&�oJ&=1�±ZVS>J&l�Q<CFE�IHOP�FJ<=BGoJ�OP¸xXoE>J�XF¸xZVSHJ�N�;HXoEHKÄOPKÄXF¸�KR; &�Q&OgJ&E�ZRAPl»AgX�® J<EHJ&=RGFlFd �nX �±C
�H=ROPXo=RO�ZVS>J�=RJ<Q&XoEHK ZV=R;>Q&ZVOPXoE�KRSHXF;HAgI�EHXFZ�=RJ<AÊl�XFE�ZRSHJ-CFKBKR;HN#�>ZVOPXoE^XF¸jKBOgEHGoAPJ¥ZV=RCFQTL�J �oJ&E�ZRK<d
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º�SHJ�=BJ<Q&XoEHKBZR=R;HQ ZVOPXoEYXW¸�CFE�J �oJ<EmZ,OgK�Xo=BGmCFEHOP:<J<I�OPE�ZRSHJ�¸�XoAgAPX�®-OgEHG�KBZVJ*�HK<·
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ÀÄZ,APJ!CFK ZpZRSH=RJ&J�Q&X�XF=RIHOPE±CWZVJ[N#J!CFKB;H=RJ&N�J&EmZVK@CF=RJ°EHJ<J&IHJ<IY¸�Xo=pC#=BJ<Q<XFEHKBZR=R;HQ ZVOgXFE]XF¸�ZVSHJ[ZV=RCFQTL�K	�
Q<Og=BQ<APJ �±CF=VCWN�J ZVJ<=BK[OgE	ZVSHJ#N�CFGoEHJ ZVOgQ�¨«J&EHIHOgE>G��HAgCFEHJ�CFE>I C�GoXnX�I N#J!CFKB;H=RJ&N�J&E�Z°XF¸´ZVSHJ#CF= �
=ROP�WCFAnZVOPN�J ��
 OPK
J<KRKBJ<EmZVOgCFAH¸�Xo=�ZRSHJ�Q!CFAPQ<;HAgCWZVOPXoE^XF¸§ZRSHJ-IH=ROÊ¸�Z�ZVOPN�J&K�OgEHKBOgIHJ´ZVSHJ-N^;HXFE#QTSHCFN^¨jJ<=RK&d
º�SHJ<=BJ&¸�Xo=BJ.�H=BOgGoSmZ¥CW¸�ZVJ&=´ZVS>J�=RJ<CFIHOgE>G�OgE�XF¸`ZVS>J�Q<XoN#�HAPJ&ZVJpJ&�FJ<EmZ �§C:�H=RJ&KRJ<APJ<Q ZVOgXFE�¨±CFKBJ<I�XoE»ZRSHJ
É¥º�º ZV=ROPGoGoJ&=�Q<ADCWKRKRJ&K�OPK°OPN��jXoKBJ<I¿d#º�XYK��jJ<J&I ; � ZRSHJ�=RJ&Q<XoEHK ZV=B;HQ&ZROgXoEÍZVOgN#J.��CFAPA
J&�FJ<EmZVK^E>XFZ
ADCF¨jJ<APJ<IÍCFK�� Q&ADCFKBK[© � ��O�dRJFd_S±C!��OPEHG\AgJ<KBK�ZVS±CFE ZVS>=RJ<J#SHOÊZ[QTS±CFN^¨jJ<=BK°®-OÊZVSHOPE CWE�l�X�Q ZTCFEmZ°Xo=[EHX
KRQ<OPEmZVOgAPADCWZRXo=¥S>OPZ �>CF=RJ[KBLnO � �jJ<I¿d
h§;>=BZVS>J<=RN#Xo=BJ.�jXoEHAPl\KBQ<OgEmZROgAgAgCWZVXF=�SHOPZRK,CF=BJ�KBJ<AgJ&Q&ZRJ<I��_¸�XF=p®-SHOPQTS�ZVSHJ°ZVOPN�J°IHO"!«J<=BJ<EHQ&J�¨jJ&Z ®´J<J&E
ZVSHJ�Z ®´X �HSHXWZVXoN^;>APZVO �HAgOPJ<=�N#J!CFKB;H=RJ&N�J&EmZVK�OPK,AgJ&KRK,ZRS±CFE © +�EHK<d � E�ZRSHOgKp®ÄC!l]=VCFEHI>XoN4Q<XoOPEHQ<O �
IHJ<EHQ&J<K,CFEHI ��
 N#J!CWKR;H=BJ<N#J<EmZVKpXF¸ �«XnXo= ��;±CFAPOPZ l�IH;HJ[ZVX�ADCF=BGoJ,ZROgN#J�KRAgJ ®-OgEHG#CF=BJ�IHJ<KBJ<APJ<Q&ZRJ<I¿d
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� ¸ÄZRSHJ�J&�oJ&EmZ^OgK4�H=BJ � KRJ<APJ<Q ZVJ<I ��CFAPA�º b ÉÌZVOPN�J&K[CF=RJ�Q&Xo=R=BJ<Q&ZRJ<IÍ¸�Xo=�ZVSHJ#=RJ&AgJ&�WCFEmZ[ZVOPN�J²X�!_KBJ&ZVK
OgEmZR=RXnIH;HQ<J&IY¨ml�IHO !_J&=RJ&E�Z-=BJ!CFI\Xo;>ZpQ<CF¨HAgJ�APJ<EHGWZVSHK-CFE>IYOPE�ZRJ<=BE±CFA¿IHJ&ADC!lnK@XW¸�ZRSHJ[J<AgJ&Q&ZR=RXoEHOPQ<K&d
� ¸�N#Xo=BJ[ZRS±CFE\XoEHJ[KRQ&OgEmZVOPAgAgCWZVXo=´SHOPZ-OPK �H=RJ&KRJ<EmZ1�§ZRSHJ°Q<XnXo=RIHOPE±CWZRJ<K�XF¸�ZVSHJ[N^;HXFEYQTS±CWN^¨«J&=-Q<J<APAgK
®-OPZRS�S>OPZVK¶CF=BJ-;HKRJ&I�ZVX[¸�Xo=BN C�=RXo;HGFS#ZR=VCFQTL ��®-SHOgQTS�OgK
J08nZR=VC.�jXoADCMZVJ<I�ZVX[ZVS>JpKBQ<OPE�ZROgAPADCWZRXo= �HAgCFEHJ
ZVXYKRJ&AgJ<Q Z�ZRSHJ�Q&Xo=R=BJ<Q Z^KRQ&OgEmZVOPAgAgCWZVXo=,N�XnIH;HAPJ#GFJ<XoN#J&ZR=ROgQ<CFAgAÊlod#º�SHJ»N#J!CWKR;H=BJ<I ��
 ZROgN#J²XF¸ÄZRSHOgK
N#X�IH;>AgJ[OgK�ZVS>J<E�KB;H¨>ZV=RCFQ&ZRJ<I]¸�=BXoN ZVS>J�º b É ZROgN#J<K-XF¸�ZRSHJ°N^;HXoEYQTS±CFN^¨jJ<=BKpZRX»Xo¨>ZVCFOgE\IH=BOP¸�Z
IHOPKBZTCWEHQ<J&K,CFQ&Q<Xo=BIHOgE>G�ZRX�J���;±CWZROgXoEHK a Ç d Ç eÄCFEHI a Ç d Ï e d
h±Xo=�¸�;H=BZRSHJ<= �H=RXnQ<J&KRKROPEHG ��ZVSHJ@E�;HN�J&=RXo;>KÄSHOPZRK¶®-OÊZVSHOPE»C°GoOP�FJ<E�N�;HXoE»QTSHCFN^¨jJ<=ÄCW=RJ,Q&XoEHIHJ&EHKRJ&I
OgEmZRX^C�KBOgEHGFAgJ-Xo¨nÃBJ&Q&ZÄQ<CFAgAPJ<I#KRJ&GoN�J&EmZ ��®-S>OgQTS�OPK´¨±CWKROgQ<CFAgAÊl�ZRSHJ,N#J!CFE�Q<XnXo=RI>OgE±CWZRJ-XF¸¿ZVS>J@ZV=RCFQTL
OgE>KROgI>J�ZRSHJ�QTS±CFN^¨jJ<=�CFEHI ZVS>J#ZR=VCFQTL	IHOP=RJ&Q&ZVOPXoEÍCWZ[ZVS±CMZ:�jXoOPE�Z<d � E ZVS>J 8nl �HAgCFEHJ ��CWAgA �jXoKRKBO �
¨HAPJ^Q<XoN�¨HOgE±CMZVOgXFEHK,XF¸�S>OPZ � �±CFOP=RKpXF¸´C�QTS±CFN^¨jJ<=�CW=RJ²Q<XFEHEHJ<Q ZVJ&IÍ¨ml�C�AgOgE>J.�¿CWEHI�ZVSHJ²=BJ<KB;HAPZROgEHG
CFEHGFAgJ<K[CWEHI IHOgK ZTCFEHQ&J<K[XF¸¶Q<APXoKRJ&KBZ°C.���H=RXmCWQTSÍZRX�ZVSHJ²APX�Q<CFA�Q&J<AgA�Xo=ROPGoOgE]CF=RJ�CFQ&Q<;HN�;HADCWZRJ<I OgE C
Z ®´X IHOPN�J&EHKROPXoE±CFA´N»CMZV=RO 8«d b J<K��HOPZRJ�ZVSHJ�SHJ&AgOPQ<XoOPI±CFA´ZR=VCvÃBJ&Q&ZRXo=Bl XW¸pZRSHJ�N^;HXoE OPE ZRSHJ�N�CFG �
EHJ ZVOgQY¨«J&EHIHOPEHG �HAgCFEHJ �ÄZVSHOPK�APOgEHJ<CF=#C.� �H=BX 8�OPN»CWZROgXoE OgK�ÃB;HK ZVO�
HJ<I���KBOgEHQ&J]J&�FJ<E�APXv® J<EHJ&=RGoJ ZVOgQ
N^;HXFEHK,KBSHX�® CFAPN�XFKBZpEHX�IHJ �nODCWZROgXoE�¸�=RXoN C»K ZV=RCFOgGoSmZ@AgOPEHJ � Xv�FJ<=,ZRSHJ^KBN»CFAPA¿ZVSHOPQTL�EHJ<KBK�XF¸
XoEHJ
k � QTS±CWN^¨«J&=�Q<XoN#�±CF=BJ<I�ZRX�ZVSHJ^N�CWZR=RO 8YK��±CFQ<OPEHG�XF¸?6>df­»N#N ��© Î / d°À@K[C �«XFKROPZROP�FJ^KROPIHJ^J !«J<Q Z �
�oJ&=Bl APX�® J<EHJ&=RGoJ ZVOgQ �±CF=BZROgQ&AgJ<K*��AgOPLFJ#ZVSHJ�IHJ&APZVC � J&AgJ<Q ZV=BXoE�OPE 
±Go;H=BJ Ï dP© a Cme ��CF=RJ�EHXFZ �H=BX"�jJ<=RAÊl
=RJ&Q<XoGFEHOg:&J<I¿d
¼@J&=RJ<CW¸�ZVJ&=1��ZRSHJ�N»CMZV=RO 8	OPK°KBQ!CFE>EHJ<I�¸�XF=5�jJ!CWLnK°J08�Q&J<J<I>OgEHG 
H�oJ�SHOPZRK[ZRXYN�CFLWJ#;�� C�KRJ<GFN�J&E�Z
Q!CWEHIHOgIHCWZVJWd º�S>OgK�OgK²ZVS>J<E 
HZRZRJ<I ®-OPZVS)C�¸cCFKBZ#Q&Og=RQ&AgJ � 
HZ#CFAPGoXo=BOPZVS>N � ¬ Î �pCWEHI)GFX�XnI ��;±CFAgOÊZ l
Q<XFN^¨HOgEHCWZVOPXoEHK�CF=BJ[LFJ1��Z@¸�Xo=Ä¸�;>=BZVS>J<= �H=RXnQ<J&KRKBOgEHGHd
� EYZRSHJ�ln: � �HAgCFEHJ.�±ZRSHJ�E�;HN�¨«J&=@XF¸�SHOPZRK@OPEHKROPIHJ°CFE]XnQ&ZVCFEmZpQ!CFEY¨«J°J<OPGoSmZ�CWZpN�C�8�OgN^;>N��HQ&Xo=R=BJ �
K��jXoEHI>OgEHG�ZVX�ZRSHJ�En;>N^¨«J&=�XF¸ÄË � ADC!lFJ<=RK&d^º�SHJ²ZV=RCFQTL�N#X�I>J<A�OPE�ZVSHOPK7�H=RXMÃBJ&Q&ZROgXoE OgK�C�K ZV=RCFOgGoSmZ
AgOPEHJ.�nKROPEHQ<JpZVSHJ,N^;HXoEHK¶®-OPZRSHOgE#ZVSHJ�J&EHJ<=BGFl�=RJ<GFOgXoE�XF¸`OgEmZRJ<=RJ&KBZ-CW=RJ,E>XFZÄQ&;H=RAPOgEHG�OgEHKBOgIHJ-ZVSHJ,IHJ �
ZVJ&Q&ZRXo=<d�À@AgA�SHOÊZ�Q&XoN^¨HOPE±CWZVOPXoEHK`®-OPZRS�N#Xo=RJ�ZVSHCFE�Z ®´X�SHOPZRK�OPEHKROPIHJ¶ZRSHJ¥XF;>ZVJ&= �WOPEHEHJ<=�Ë � QTS±CWN^¨«J&=RK
CF=BJ 
HZRZRJ<I ®-OPZVS C�APOgEHJ°ZVX�¸�Xo=BNªC\Ë � KBJ<GoN#J<EmZ[CFE>I CW=RJ²ADCMZVJ<=,Q<XoN^¨>OgEHJ&I�ZVX�¸�Xo=RN C\Ë � ZR=VCFQTL§d
À,N�¨HOgGo;>OPZVOPJ<K�CF=RJ�=BJ<KBXoAP�FJ<I ¨ml KRJ&AgJ<Q ZVOPEHG�ZVSHJ�Q&XoN^¨HOPE±CWZROgXoEHK[®-OPZRS ZVSHJ�¨jJ<K Z 
HZ ��� � CWEHI ZVSHJ
ADCW=RGoJ&KBZ-E�;HN^¨jJ<=-XF¸�SHOPZRK<d
À@EYJ 8HCWN��HAPJ�XF¸�C»Ë � KRJ<GFN�J&E�Z-Q<CFE\¨«J[KRJ&J<EYOgE 
±Go;>=RJ Ï d Á a ¨§e d
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À@¸�ZRJ<=[ZVSHJ��±CWZBZVJ<=BE�=BJ<Q<XFGoEHOPZROgXoE �HSHCFKRJ ��ZVS>J�k � KBJ<GoN#J<EmZVK�CF=BJ�Q&XoN^¨HOPEHJ<IÍ®-OPZVS ZVS>J�Ë � ZV=VCWQTLnK
ZVX�¸�Xo=BN C�ZRSH=RJ&J�IHOPN�J&EHKROPXoE±CFA�KR;H¨ � ZV=RCFQTL	®-OPZVS>OgE XoEHJ#X�Q ZTCFEmZ<·�º�SHJ�SHOPZRK[XF¸�CFAPA'�jXoKRKBOg¨HAPJ�k �
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KRJ<GFN�J&E�Z¥Q<XoN�¨HOgE±CMZVOgXFEHK�CF=RJ 
HZBZVJ<I�®-OPZVS»C�Q&Og=RQ&AgJ �nQ&XoEHEHJ&Q&ZRJ<I»ZRX^C^Ë � ZV=RCFQTL�CFEHI�J08nZV=RC.�«XFADCWZRJ<I
¨±CFQTL ZRX�ZVSHJ»KRQ<OPEmZVOgAPADCWZRXo=4�HADCWEHJ<K*��ZVX	QTSHJ&QTL�ZVSHJ»KRQ<OPEmZVOgAPADCWZRXo=[SHOPZ �H=RJ&KRJ&AgJ<Q ZVOPXoE¿dÍ?�CFQTS ZV=VCWQTL
Q!CFEHI>OgI±CWZRJ�OgK-KR;>¨HKRJ �n;>J<EmZVAÊlY=BJ 
HZBZVJ&I\ZVCFL�OgEHG�OgEmZRX�CWQ<Q<XF;HEmZ

� ZVSHJ[EHJ ® ��
 ZVOgN#J.��OP¸xZVS>J°KBJ<APJ<Q&ZRJ<IYKRQ<OPEmZVOgAPADCWZRXo=¥S>OPZ�IHO !_J&=RK�¸�=RXFNiZVS>J 
H=RKBZpGo;>J<KRK*�

� ZVSHJ�ZROgN#J�XF¸ �±OgGoSmZ�¸�=BXoN ZVS>J°KBQ<OPE�ZROgAPADCWZRXo=¶ZRX²ZVSHJ[N^;HXFEYQTS±CWN^¨«J&=RK*�

� ZVSHJ°CFAPOgGoE>N�J&E�Z¥Q<Xo=B=RJ&Q&ZVOPXoEHKpCFQ&Q<Xo=BIHOgEHG²ZRX�ZRSHJ°È Ç CFAPOgGoE>N�J&E�Z¥N�XFEHOPZRXo=ROPEHG^KBlnK ZVJ<N �

� ZVSHJ ¨jJ<EHIHOPEHG�XF¸»ZRSHJ)k � QTS±CFN^¨jJ<= KBJ<EHKBJ)®-Og=BJ<K IH;HJ ZVX�ZVS>J)Go=RC!��OÊZTCWZROgXoEHCFA�¸�Xo=BQ<J XF¸
© ÎoÎ
µ
N CWZpN�C�8�OgN^;>N CFE>I

� ZVSHJÄZROgN#J¥XF¸ �H;HAPKRJ%�H=BX"�±CFGoCWZVOPXoE^XF¸§ZVS>J-k � QTS±CFN^¨jJ<=
KBOgGoEHCFAgK
CWAgXoEHG@ZVSHJ�: � IHOP=RJ<Q ZVOPXoE^¸�=RXoN
ZVSHJ4�jXoOgEmZ�ZRSHJ[N^;HXoE��±CFKBKRJ&IYZVS>J°QTSHCFN^¨jJ<=�ZVX²ZVS>J°=BJ!CFI\Xo;>Z-J&AgJ&Q&ZV=BXoEHOPQ<K<d

º�SHJ@AgCWZRZRJ<=�¸�XF;H= �«XoOPEmZVK�CF=BJ-ZRSHJ-XoEHAÊl�®´J!CFL²Q&XoEHEHJ&Q&ZVOPXoEHK�¨jJ&Z ®´J<J<E�ZVSHJ�Z ®´X�ZV=RCFQTL �H=BXMÃBJ<Q ZVOPXoEHK
OgE	ZVSHJ 8nl � CFE>IÍln: � �HADCWEHJFd#À,N^¨>OgGo;HXF;HK�KR;H¨ � ZV=RCFQTL�K1��O�dRJWd¿ZV=VCWQTL�Q!CFE>IHOgI±CMZVJ<K°KRSHCF=ROPEHG�XoEHJ#Xo=
N�Xo=BJYKBJ<GoN#J<EmZRK1�pCF=RJ\=RJ ÃBJ<Q ZVJ<I�XFE1¨±CFKBJ<K�XW¸�ZVSHJY¨«J&KBZ»=RJ<I>;HQ<J&I�Q<Og=BQ<APJ 
HZ � ¬ Î � � � CFEHI1ZRSHJ
N»C�8�OPN^;HN4E�;HN^¨jJ<=�k � KBJ<GoN#J<EmZRK<d�¼@X�®¥J �oJ&=1��IH;HJ�ZRX�ZVSHJ�®´J!CWL�Q<XoE>EHJ<Q ZVOgXFE	XF¸�ZVSHJ^Q&Og=BQ<AgJ 
HZ
ZVX ZVSHJ�ZV=RCFQTL IHOg=BJ<Q ZVOgXFE OPE ZRSHJ�ln: � �>ADCFEHJ �ÄQ!CWEHIHOgIHCWZVJ&K#I>O"!«J<=ROPEHG ¨ml AgJ<KBK#ZRS±CFE ÇoÎ32 OPE ZRSHJ

HZ ��� � CF=BJ�LFJ1��Z,;HEmZROgA_ZRSHJ 
±E±CFA¿ZR=VCFQTL�N�CWZVQTS>OgEHG²IHJ&KRQ&=ROg¨jJ<I\¨jJ<AgX�®[d
º�SHOgK°X�Q ZTCFEmZ�¨±CFKBJ<I �>=RXnQ<J<I>;H=RJ�J&�oXFAP�oJ&I � ©o©o©	�
¸�=BXoN%ZVS>J»È Ç N�;HXoEÍQTS±CFN^¨jJ<=°Q<XnIHJ�CFEHI ZRSHJ
N»CFOPE�=RJ<CFKRXFE�ZVX�CFAPKRX�CFIHX.�>Z�ZVS>J^X�Q ZTCFEmZ�Q&XoE�
±E>J<N#J<EmZ°Q<XoEHK ZV=RCFOgEmZ�¸�Xo=�È Ç�� É ®¥CFK1�¿ZRS±CWZ�ZRSHJ
=RJ<AgCWZVOÊ�oJ�X�Q ZTCFEmZ�CFAPOgGoE>N�J&E�Z°OPK�EHXFZ^N�J<CFKR;H=BJ<I ¨ml�ZRSHJ�È Ç CFAPOgGoE>N�J&E�Z�N#XoEHOPZRXo=RK&d]º�SHOPK^GoJ&X �
N�J ZV=ROPQ!CFAxAPOgN#OPZTCMZVOgXFE�Q<XoE>KROgI>J<=VCW¨HAPl�IHOPN�OPEHOgKBSHJ<K�ZRSHJ^È Ç�� É CFQ&Q<J1��ZTCFEHQ&JF· �,ZVSHJ&=pZRS±CFE�N^;>XoEHK
Xo=ROPGoOgE±CMZVOgE>G]¸�=RXoN Èx?¶k ¨jJ!CWN"Q<XoAPAgOPKROgXFEHK1�
®-SHOPQTS1CF=BJ�Q<XoE�
HEHJ<I ®-OPZVS>OgE XoEHJ\X�Q ZTCFEmZ1�¥CWZRN�X �
K��HSHJ&=ROPQ°N�;HXoEHK-Q!CWE\ZR=VC!�oJ&=RKRJ°; ��ZVX²¸�Xo;H=�XnQ&ZVCFEmZVK&d
À,K°OPZ�ZV;>=REHJ&I�Xo;>Z1��ZRSHJ#X�Q ZTCFEmZ[ZVX\X�Q ZTCFEmZ�CFAgOPGoEHN#J<EmZ�Q<CFE�¨jJ�IHJ&ZRJ<=RN#OgE>J<I ¸�=RXoNªZRSHJ#È Ç�� É
I±CWZTC�OPZRKRJ&AP¸ a KRJ&J�KRJ&Q&ZROgXoE +�d Á d Á e �§CFEHI\ZVSHJ�Q<;H=B=RJ<EmZ,È Ç�� É KRXF¸�Z ®¥CF=BJ�IHJ �oJ<APX"�HN#J<EmZ,¸�XnQ<;>KRJ<K@XoE
CFE]CWAgGoXo=BOPZRSHN Q!C.�±CW¨HAgJ�ZRX#=BJ<Q&XoEHKBZR=R;HQ Z�CWAgA¿J �oJ<EmZpZVX"�jXoAPXoGoOgJ&K � © ÎoÇ �T© ÁWÇ ��d
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Æ¥J<Q<CF;HKRJ�XW¸`ZVSHJ �jXoKBKROg¨>OgAgOÊZ l^ZVSHCWZÄN#Xo=RJpZVS±CWE�XoEHJ,N�;HXoE�XF¸`ZRSHJ�KRCFN�J@KRSHX�®´J<=-OgK´Q<=BXoKRKBOgEHG�ZRSHJ
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9�lXiF_Aek^g]Xa :�QXO . Ii`] [ :=QXORQSI?I	O�� ] u0i`a?W~_AUXW�i`fh^glX]¢_h^`�d�,^`a?ek_?e80`W~i`] [ ]XW0�¢iH_Ae80`W�fLlX^g]Xa�e�a�iFj�fh^ga�_�_?UXW�aAi`fhW: {7|���{ 8 I m`i�fhe�aAiFj�e��`]XfpWZ]¢_�Uwi`a�^`]Xjky�j�e�_?_?j�WnWE$,W0u}_n^g]L_?UXW _?^`_vi`jSf�l8^g]70wltx,m¢iFa�_AU8W�u0^gY�Y?WZuZ_Aek^g]_AW0Y�fpa�ek]�WQ9SlwiF_?e�^g] : MPO z I uzi`]8u0W0jn^`l8_ O � UXW�uvUwi`Y?�`WhY?iF_Aek^;UX^�TbW
0gWZY�ekaL0gWZY�y�a�W0]Xa�ek_Ae�0gW�_?^~_?UXW���
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r   = 0.78±0.04

σ1 = (209±  5) µm

σ2 = (418±22) µm

µ   = (-36±  3) µm

χ2/ndf = 74/77
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+#2=<.- : 2 + ? 6 +B I @ : 2 K ? +0/2143�3B ? 6 KB I 5 <�6 +B @ 6 KB ~ :NMPO � ITVUXWZY?W _?UXW ek] [ W7x ��6 � [ WZ]X^`_AWZa�_AU8W lX�X�tW0Y�i`] [ j�^�T WZY�^�uZ_Ai`]¢_#Y?WZa?�tW0u}_Ae80`W0j�y O � UXW j�^�TbW0YaAiF�gek_�_vi�fhWziFa?lXY�W0fhW0]¢_ 2 K ekaru0^`Y?Y?WZuZ_?W [ ��^gY�_AUXW�iB0gW0Y?i`�gW#WZ]XW0Y��`y j�^ga�apek] _AU8W#e�]X]8W0Y [ WZ_?W0u}s�	7
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data: mean (below cut)=1.081

MC:  mean (below cut)=1.044
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data RMS=264 µm

MC  RMS=260 µm
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r   = 0.73±0.01
σ1 = (0.93±0.01) TeV-1

σ2 = (1.9±0.03) TeV-1

χ2/ndf = 91/69

[(q/p)1-(q/p)2]/√2 [GeV-1]
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TVek_AU�i��Xi`YAi`fhWZ_?W0Y�e 4ziH_Ae�^`] O � lXW _A^�_?UXW [ eF$ WZY?W0]8u0W0a{ctWZ_�TbW0WZ]h_?UXW0a�W��=i`uZ_?^gY?a{i`] [ _AUXW�Y�W0a?e [ lwi`jkaTVek_AU Y?W0a��,WZuZ_�_?^�_AUXWr�wi`YAiFfpW}_AW0Y�e 40iF_Aek^g] i�a�y�a�_?W0fpiF_Aeku;W0Y�Y?^gY�^`� @ - ^g] _AU8W [ ^gl8cXj�W;^�uZ_Ai`]¢_e�]70gWZY?a?W�fh^gfpWZ]¢_AlXf�Y?W0a�^gj�lP_Ae�^`]�ekaVi`a?a�lXfhW [!O� a¡e�]#_?UXW�a?e�]8�gj�W�^�uZ_Ai`]¢_¡uzi`a�W`m¤_AU8W [ e�a�_?Y?ekcXl8_Aek^g]Xa�i`Y?Wc=X_�_AW [ i`uZu0^gY [ e�]8�~_?^�WQ9SlwiF_?e�^g] : MPO¨� � Ii`] [ _AU8W�Y?W0a�lXjk_?a�i`Y�W��XY?WZa?WZ]S_?W [ e�] =w�`lXY?W M�O � . : c I	O 5 ^gYdu0^gfh�wi`Y�e�a�^g]!m,_?UXW�Y?WZa?^gjkl8_Aek^g]�^F�x_?UXWT WZe��gU¢_AW [ iB0gWZYAi`�`W�^F��_�Tb^p^�uZ_Ai`]¢_ofpW0i`a?lXY�W0fhW0]¢_Aa

2 3�1� < : �
����� ? �
����� I 8��� : MPO . MgIe�aVi`jka?^�a?UX^�TV] Ox� aVu0i`]~c,W¡a?WZW0]!mti�a?ek�g]Xe�=wuzi`]¢_Vekfp�XY�^<0gW0fhW0]¢_o^`��_AUXW¡fh^gfhW0]¢_AlXf�Y?WZa?^gjkl8_Aek^g]e�a�i`uvU8e�W
0`W [ iF_�UXek�gU�fh^gfpWZ]¢_vi O¡� _¡j�^�T fh^gfpWZ]¢_vi8mt_AUXW�Y�W0a?^`j�l8_?e�^g]Xa�i`�X�XY�^¢i`uvU£Wzi`uvU£^`_?UXW0YZmc,WZuzi`lXa�W�_AUXWLfpW0i`a?lXY�W0fhW0]¢_Aa���Y�^gf _AUXWLj�^�T WZY�^�uZ_viF]S_ [ ^�]X^`_�u0^g]¢_?Y?e�c8l8_AWL_?^r_AU8W^=X_�ek]#c,^F_AUuzi`a�W0a [ lXW�_A^�_?UXW�lX]XuZW0Y�_vi`ek]S_�y;^`��_?UXW�W0]8W0Y?�Fy�j�^ga�a�i`] [ f�l8jk_Aek�Xj�Woa?u0iF_?_?W0Y�e�]X��e�];_?UXW>2 . e�]X]XWZY[ WZ_?W0uZ_?^gYoi`] [ _AUXW¡a�lX�X�t^gY�_V_Al8c,W O � W4=w]Xek]X��_AUXW¡WE$,W0u}_Ae�0gW¡Y?WZa?^gjkl8_Aek^g]�i`a
2 �
	 < : � � 2 K� ? : � @ � I � 2 KK I �� ~ : MPO . � I_AUXW¡Y?WZj&iF_?e80`W�fp^gfhW0]¢_?lXf Y�W0a?^`j�l8_?e�^g] + z � z < 2 �
	 � z ekaoa�UX^�TV]�ek] =w�glXY�W M�O � M�O® .
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> :NMPO .@? ITVUXWZY?WA> [ W0]X^`_?W0aV_AUXW¡jke80gW	s¬_?e�fhWB>3< � @ �:9C; � 9 O� UXW 2 . ? ? Y�Wzi [ ^`l8_¡W0jkW0uZ_?Y?^g]8e�u0a��8Y?^<0�e [ WZa¡_�Tb^~T�izy�a�^F� fhWzi`a�lXY?ek]X�;_AU8W�j�e80`W}sN_Ae�fhW`� 5 e�Y�a�_¡i� � ;�� 4�uZ^glX]¢_AWZY�ekada�_vi`Y�_AW [ iF_�_?UXW�a�_vi`Y�_�^`�«Wzi`uvU�Y�lX] O D UXW0]8W
0gWZY�_AUXW�_AY�e��g�gWZYVe�a [ e�a?i`cXj�W [ mctW0uziFlXa?WL_?UXWLW40gWZ]S_�^gY �;�>? c8l1$ WZY?a�i`Y?W���lXj�j mX_AUXWp� � ; � 4�uZ^glX]¢_AWZY�e�adi`jka?^ha�_A^`�X�,W [!O � U�l8a_AU8W�j�e�0gW}sN_AekfpW¡^`�xirY�lX]#u0i`]�c,W�e�]8��WZY?Y�W [ c¢y�_?UXWL]SlXfLc,WZY�^`�{u0^`lX]¢_Aa�iF_d_AUXWLW0] [ ^`�n_?UXWLY�lX] O� WZu0^g] [ jkygmS_AU8W ? ��� Y�W0u0WZe80`W0a�i�_AY�e��g�gWZYna?ek�g]wi`jX��Y�^gf _AUXW��¡� � � � ; � � 4VuZj�^�uv�tmSTVUXekuvUruziFlXa?WZai�_?Y?e��`�gW0Y{]X^�friF_�_AWZYxTVUwiH_�a?ek�g]wi`jkanT WZY?W��XY�W0a�W0]¢_�e�]h_AUXWdf�lX^g]puvUwi`f�ctW0Y�a�^gYxa?uZe�]¢_Aekj�j&iH_A^gY�a O�� �_AU8W ? ��� e�a ]8^`_ [ ekaAi`c8j�W [ c,WZuzi`lXa�W [ iF_AiL^`���XY�W0uZW0W [ e�]X��W40gW0]¢_?aVi`Y?Wd�XY?^�u0WZa?a?W [ mX_AU8e�a : lXa?lXi`j�j�yW0fh�8_�y I W40gWZ]S_Le�a¡Y?WZu0^gY [ W [ mni`] [ _AUXWh]SlXf�ctW0Y�^`��� � 4h_?Y?ek�g�gW0Y�a¡^g]�_Ai`�,WhiF_¡_?UXWrWZ] [ ^`�b_AUXWY?l8]r�ge�0gW0a{_AU8Wdjke80gW	s¬_?e�fhW�^`�!_?UXWdY�lX]he�]ha?W0uZ^g] [ a O 5 e��gl8Y?W MPO � � a�UX^�TVab_?UXWdjke80`W}s¬_?e�fhW�fhWzi`a�lXY?W [TVek_?U _AUXW�� � ;�� 4�uZ^glX]¢_AWZY���^gY�i`jkjb_?UXW;Y?l8]Xa�^`�V_AUXW��z�g�g�#i`] [ �`�g�g��[ iF_vi�_Ai`�Se�]X���tW0Y�e�^ [ mTVUXekuvU TbW0Y�W~lXa?W [ ek] _AUXeka�i`]wi`j�y�a?e�a O�� a?j�ek�gU¢_Aj�y�ctWZ_�_AWZY��,WZY���^gY�fri`]8u0W;ek] _AUXW;y`Wzi`Y �`�g�`� e�a^gcXa�W0Y�0gW [ O � UXW�a�friFj�j��,W0i`�;iH_�i`Y�^glX] [ �g� O � - eka [ lXW�_?^ [ eF$ WZY?W0]¢_�_?Y?ek�g�gW0Yba?W}_?_Aek]X�ga ��^`Y a?^`fpWY?l8]Xadek]����g�g�Pm8TVUXe�uvU [ ekfpek]Xe�a�UXW [ _?UXW�_AY?ek�g�gWZY�YAiF_?W���Y?^gf QSM`� _A^ �`�g� � 4 O5 Y?^gf _?UXW�_�T ^#ek] [ WZ�,WZ] [ W0]¢_�T�izy�aL^`� [ WZ_?W0Y?fhe�]8e�]X��_AU8Wrj�e�0gW	s¬_AekfpW�_AUXWha�y�a�_?W0fpiF_AekupWZY?Y�^gY�^F�_AU8W�jke80gW	s¬_?e�fhW�fpW0i`a?lXY�W0fhW0]¢_puzi`] c,W�W0a�_Ae�fpiF_?W [!O � UXW�ek]S_?W0�gY?iF_AW [ jke80`W}s¬_?e�fhW;lXa�W [ ek] _?UXe�ai`]wiFjky�a?eka;i`apfpW0i`a?lXY�W [ TVe�_AUª_?UXW � � ;�� 4#u0^gl8]S_?W0Y;eka�>>< � � � � M ? � 	 M`@ a O � UXW#aAiFfpW]SlXf�ctW0YV^gc8_Ai`e�]8W [ TVek_?U;_AUXW�� � 4¡_?Y?ek�g�gW0Y Y?Wzi [ aVi`aE>3< � � �`@ � MFQ 	 . .@? a O � UXW [ eF$ WZY?W0]8u0W¡e�a
+�> < � M`@ . 	 . Q¢� a ~ :NMPO . @¢I®X­
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 � � �g�g�¢��: � M - ?

�
2

� I � : MPO . � I
����� ��� ��� #%� ,�# ' 'C5 ,!����,!� # ( (�� �� UXW ? ��� fh^ [ lXj�W [ WZu0e [ W0an^g]�_?UXW�cwi`a�e�a«^F�ti`]�^<0gW0Y�j&i`��ek]L_AekfpWxctWZ_�TbW0W0]�_AU8W�f�lX^g]�uvUXi`f�ctW0Yfri/.�^`Y?ek_�yLa?ek�g]wi`jkabiF] [ _?UXWda�u0ek]S_?e�jkj&iF_?^gY ? � ? a?ek�g]wi`j mgTVUXWZ_?UXW0Y i�a�u0ek]S_?e�jkj&iF_?^gY«UXe�_beka{�XY?WZa?W0]¢_ e�]_AUXW{W
0`W0]¢_�^gY¤]X^`_ O � U8WxW}|hu0e�WZ]XuZy�^`�P_?UXe�a¤W40gWZ]S_�uZj&i`a�a?e8=XuziF_?e�^g]�eka¤uvUXW0uv�FW [ lXa�e�]X��Y�W0uZ^g]Xa�_?Y?lXu}_AW [[ iF_vi£��Y?^gf i£a?�tW0uZe&i`jV_AWZa�_p�XY?^ [ lXu}_Aek^g]!m TVUXWZY?W�]X^�_?Y?e��`�gW0Y��XY�W0a?WZj�WZuZ_Aek^g]ª^`] _AU8W [ iF_Ai£T i`ae�fh�,^ga�W [!O ? ^gfh�wi`Y�e�]X�p_AUXW�W40gW0]¢_?a�TVe�_AU£i��g^�^ [ a�u0ek]S_?e�jkj&iF_?^gYdU8ek_�iF] [ i;a?u0ek]¢_Ae�jkj&iF_?^gYV_AY?ek�g�gWZYTVek_AU _?UXW�_?^`_viFj�]SlXf�ctW0Y�^`�dW
0gWZ]¢_AapTVe�_AU i��g^P^ [ a?uZe�]¢_Aekj�j&iH_A^gY�UXek_0mx_?UXW~a?uZe�]¢_Aekj�j&iH_A^gY�_AY?ek�g�gWZYWZ|hu0ekW0]Xu}y�T�i`aV��^glX] [ _?^�c,W D �������� ���
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=w]8W [ cSy�i�UXe��`Uc9Slwi`j�e�_�yY?WZu0^g]8a�_AY�lXuZ_?W [ f�lX^`]�_AY?i`uv��m,_?UwiF_�uZ^glXj [ ctWLW7x�_?YAi`�t^gj&iH_AW [ cwi`uv�~_A^h_AUXW�a?u0ek]¢_Ae�jkj&iF_?^gY�fh^ [ l8j�WTVUXekuvU � � sN_Ae�fhW�T i`aVlXa?W [ ��^gY�u0i`j�uZlXj&iH_Ae�]8�L_AUXW¡f�l8^g]�uvUXi`f�ctW0Y [ Y�ek� _�_AekfpWZa O5 ek�glXY?W MPO � ? a?UX^�TVax_AUXWoa?uZe�]¢_Aekj�j&iH_A^gY�_?Y?ek�g�gW0YnW}|hu0e�WZ]XuZypi`abi���lX]XuZ_?e�^g]h^`�,_AUXW [ e%$,W0Y�W0]¢_ba?u0ek]¢_Ae�j sj&iH_A^gY{fh^ [ l8j�W0a O � UXWdfp^ [ lXjkW}sN_A^Fs¬fp^ [ lXjkW 0Fi`Y?e�iF_Aek^g]�e�] �`�g�`� m¢TVUXW0Y�W�fh^gY?WVa�_AiF_Aeka�_?e�u0axe�axiB0Fi`e�j si`cXjkW`m [ W
0�e&iF_?W0a�a�e��g]Xe�=wuziF]S_?jky~��Y?^`f _?UXWc=X_?_?W [ fhWzi`]@0Fi`jklXW O � ^~i`u0uZ^glX]¢_���^gY�_?UXe�a:0Fi`Y�e&iF_?e�^g] mi`]�^<0gW0Y?i`j�j a�y�a�_?W0fpiF_Aeku�WZY?Y�^gYV^`� � � � � - ^g]�_AU8W�a�u0ek]S_?e�jkj&iF_?^gYb_?Y?e��`�gW0Y�W}|hu0e�WZ]XuZy~ekaVi`a?a�e��g]8W [!O
� ������� � ����� � � 5 *�� � � ,!� # ( ( ���� Tb^�WE$,W0uZ_?a«fpi�y�u0i`lXa?W�idj�^`a?a�^F�wf�lX^g]�_AY?ek�g�gWZY?a [ lXWb_?^�_AU8W f�lX^`]�uvUwi`f�ctW0Y�_AY�e��g�gWZY0� 5 ekY?a�_Ajky`m_AU8W�fpi/.�^gY�ek_�yh_AUXY�W0a?U8^gj [ ^`�«WZe��gU¢_ : a?W
0`W0] I UXek_?a��,WZYVuvUwi`f�ctW0Yoe�]£���g�`� : �`�g�g�gI e�]¢_AY�^ [ lXu0WZa�i`]e�]8WZ|hu0ekW0]Xu}y ��^gY�f�lX^g] _AY?i`uv�SahTVe�_AU i£jk^�T�]SlXf�ctW0Yh^`�dUXek_?a O � W0uZ^g] [ j�ygm e���i�_AY?i`uv� �wi`a�a?WZa_AU8WLct^gY [ WZY�^`��_�T ^ ? � ? aZm,_AU8W�_AY?i`uv�~fpek�gU¢_o]X^`_dc,W�_AY?ek�g�gWZY?W [ i`jk_?UX^glX�`U�e�_d�8Y?^ [ lXu0W [ fh^gY?WUXe�_AaL_?Uwi`] _?UXW�fri .�^gY?e�_�y�_AUXY�W0a?U8^gj [ mnc8l8_�^g]Xj�y�i#�wi`Y�_L^`��_AU8W0f ekaLa�W0W0] c¢y W0i`uvU ? � ? O«� a_AU8W�fpi/.�^gY?e�_�y�a?ek�g]wi`jka iFY?Wo�XY?WZa?W0]¢_�ek]p_?UXWL2 . ? ? [ iH_vi�^`l8_A�XlP_zmP_?UXWd_?Y?ek�g�gW0Y{W}|puZe�WZ]XuZypuzi`]rc,WfhWzi`a�lXY?W [ ��^gY�W0i`uvU���s�uvUwi`fLc,WZY«c¢yLuZ^gfp�Xi`Y?ek]X�d_?UXW _AY�e��g�`W0Y [ W0uZe�a?ek^g]LTVe�_AUL_?UXW�i`u}_Alwi`j��XY�W0a?WZ]¢_��s�uvUwiFf�c,WZY UXe�_Aa O � e�]8u0WV��^gYx_?UXe�abi`]wiFjky�a?ekab^g]8jky�_?UXW�]SlXf�ctW0Yb^`�!U8ek_AaxlXa�W [ e�]�_AU8W�f�lX^`]p_AY?i`uv�=X_ViFY?W�^F��e�]¢_AWZY?W0a�_zm�_AUXW�W}|hu0e�WZ]XuZype�a [ WZ_?W0Y�fpek]XW [ 0`W0Y�a?lXa�_AU8W�]SlXf�ctW0Y�^F��Y?W0uZ^g]Xa�_AY?l8uZ_AW [ UXek_?a O®w®
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