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(1)
ò�á¬×¿ØËÉËÉ!Íe�!Í�ßUàUÖË×¿ÊyÍ �!Í�Ó-Ð9#NØË×øßUàUÖ´çøÈ�òàUÖnÍ�Ó æ�Í�à@ÖnßUÍ�Î�ç�Ê�×¿è´ØËÓËÙ3Ù°Í�Ö?OÞ×¿Ì�Í�Ê�ÓnÍJì9ª

(2)
ò�á¬×¿ØËÉËÉhÍ|Ð[ð¬ÊyÍ7ß¿Ì@È�×¿è°Í>æ�Í�àUÖnß@Í�Î�ç�Ê�×¿è´ØËÓËÙ�ç�Ê�×Uâ ßUà@ÖËÎ�ÊyÍ y|Î�ÊyàUÖâaØË×UàUÖåÍ�Ê�ÓnÍ¸ì9ªIc�ïld¢ò�á1×¿ØËÉËÉhÍ�à@ÖPÈ�×@È�è´ÌUÍ�×¿ÊyßUÊyÍ�×¿ÌYÐhìMÝÞíJÊ�Ì��!Í�ß¿Ê�ÌB��Ì ânÈÞßfì´Ì@È�ÓnânÈ�×Uâaí&ÝMâËÍ�Î�ÎrâËÍ�×fÜWÍ�Ê�ÎyàUÖnÍ�ÓËÉËÖTSûòß¿Ê�è7PaânÈÞßfÈ�Î�ÎyÍ1æ�Í�àUÖnß@Í�Î�ç�Ê�×¿è´ØËÓËÙ°Í�Ó Í�Ê�ÓnßUàUÖËÎ�ÊyÍ y|ÌVPPÊ�Ónß¿Ù°Í�ß@È�í¸ÌfÍ�Ê�ÓnÍ ì9ª

(3) × ì9ª
(2) × ª

(1)
ò�ìTS´íJí&Í�Ì¿×¿ÊyÍ|Ð

� ØnßUÙ°Í�ÖnÍ�Ónâ�ý°ÝÞÓ3âËÍ�×e�WÈ�Ù|×@È�ÓËÙ°Í�âaÊyà@ÖûÌUÍ¸Ô§ÕË×EÔj×UÍ�ÊyÍ�ÜrÍ�Ê�ÎyàUÖnÍ�Ó
L = iψγµ∂µψ −mψψ,

èlOÞÓËÓnÍ�Ó ÓûØËÓ�ÎyÝÞèÞÈ�ÎyÍ>Ñ$Êyà@ÖûÌ¿×@È�ÓnßóÔ�ÝÞ×¿í�È�Ì¿ÊyÝÞÓnÍ�Ó�Ô�ÝÞ×¿í ØËÎ�ÊyÍ�×¿Ì1ç8Í�×UâËÍ�ÓQP[âaÊyÍ>âËÍ�×�ìTS´íJí&Í�Ì¿×¿ÊyÍ�Ù|×¿ØËÉËÉ!ÍJâËÍ�×]
¿Í�òç8Í�Ê�Î�Ê�Ù°Í�Ó�æ�Í�àUÖnßUÍ�Î�ç�Ê�×¿èMØËÓËÙ¸Í�Ó´ÌUß¿ÉË×UÍ�àUÖnÍ�Ó-ÐMð�ÈD�hÍ�ÊËÙ°Í�Ö´Ì}
¿Í�âËÝ´à@Ö�âaÊyÍ�Ñ$ÊyàUÖËÊ�Ó´ýÞÈ�×¿Ê\È�Ó��1âËÍ�×]�WÈ�Ù|×@È�ÓËÙ°Í�âaÊyà@ÖûÌUÍý°Í�×¿ÎyÝÞ×UÍ�Ó-Ð}ªfí#âaÊyÍ�ß@Í¸ç�ÊyÍ�âËÍ�×�ÖnÍ�×B��ØnßUÌUÍ�Î�ÎyÍ�Ó�í ØnßUß1í�È�Ó L ØËíäÍ�Ê�Ó�ßUÝ�Ù°Í�ÓPÈ�ÓËÓûÌUÍ�ß Ñ$ÊyàUÖaÔ�Í�Îyâ�Í�×¿ç8Í�Ê�ÌUÍ�×¿Ó-Ðð¬ÊyÍ�ßUÍ¬Ñ$ÊyàUÖaÔ�Í�ÎyâËÍ�×w�hÍ�ß@àUÖË×UÍ�Ê��!Í�Ó³âaÊyÍfæ�Í�àUÖnß@Í�Î�ç�Ê�×¿è´ØËÓËÙJØËÓnâ³ß¿ÌUÍ�Î�ÎyÍ�Ó�ânÈD�!Í�Ê!È�Ønà@Ö³âaÊyÍ$��ØËÙ°Í�Ö?OÞ×¿Ê�Ù°Í�ÓA�fØnßóòÌ@È�ØnßUà@ÖûÌUÍ�Ê�ÎyàUÖnÍ�Ó�c§Ñ$Êyà@Ö<�!Ý|ßUÝÞÓnÍ�Ó4dQânÈ�×YÐ



Ø £ ( £ Ú76T8\-0*>§}§}3�ç,èw6�=�-0/7+4*>3éèw¦73 ê
��íë�PÈ�Î�ÎnâËÍ�×�Í�ÎyÍ�èMÌ¿×UÝÞí�È�Ù|ÓnÍ�Ì¿ÊyßUàUÖnÍ�Ó&æ�Í�à@ÖnßUÍ�Î�ç�Ê�×¿èMØËÓËÙ�ÖPÈ�Ìz�hÍ�Êyß¿ÉËÊyÍ�ÎyßUç8Í�ÊyßUÍEâaÊyÍøÑ$ÊyàUÖ´Ì¿×@È�ÓnßóÔ§ÝÞ×¿í�È�Ì¿ÊyÝÞÓÔ§ÕË×QâaÊyÍ�ª°cóÏ�d¢ò�á¬×¿ØËÉËÉhÍ âaÊyÍE�nÝÞ×¿í

ψ → eiθ(x)ψ.ð¬ÊyÍ�Ñ$Êyà@ÖËÊ�Óûý|È�×¿Ê\È�Ó��¸ç�Ê�×UâëânÈ�ÓËÓåâaØË×UàUÖåâaÊyÍ Ñ$Ê�ÓaÔjÕËÖË×¿ØËÓËÙ�âËÍ�×Qè°ÝYý|È�×¿Ê\È�ÓûÌUÍ�Ó\�e�ËÎyÍ�Ê�Ì¿ØËÓËÙ�ç�ÊyÍ�âËÍ�×QÖnÍ�×óòÙ°Í�ß¿ÌUÍ�Î�Î�ÌVg ð
µ = ∂µ + iAµ.ð�ÈD�!Í�ÊWÊyß¿Ì

Aµ
ânÈÞß¬Ñ$ÊyàUÖaÔ�Í�Îyâ}P!ânÈÞß Ê�Ó�âËÍ�×�é¬Ñ�ð ÎyÍ�ÌB��Ì¿Î�ÊyàUÖ�ânÈÞß	!�ÖnÝÞÌUÝÞÓaÔ§Í�Îyâ ânÈ�×Uß¿ÌUÍ�Î�Î�ÌYÐ.� ÓPÈ�ÎyÝÞÙ�èlOÞÓËÓnÍ�ÓÈ�Ønà@ÖëâaÊyÍ�ì9ª°c�ïld]����ç�ÐPì9ªIc�Ûld8Ñ$Êyà@ÖûÌ¿×@È�ÓnßóÔ�ÝÞ×¿í�È�Ì¿ÊyÝÞÓnÍ�Ó âËÍ�×EßUÌ@È�×¿è°Í�Ó�ØËÓnâ�ß@àUÖûçEÈÞàUÖnÍ�Óåæ�Í�àUÖnßUÍ�Î�ç�Ê�×¿èMØËÓËÙÔ�ÝÞ×¿í ØËÎ�ÊyÍ�×¿Ì�çøÍ�×UâËÍ�ÓQPËç8Ý"�!Í�Ê-ânÈ�ÓËÓ�âaÊyÍ á¬Î�ØnÝÞÓaÔ§Í�ÎyâËÍ�×w����ç�ÐaâaÊyÍr�nÍ�ÎyâËÍ�×QâËÍ�×�æ~ò$ØËÓnâW#Pò¢÷EÝ|ßUÝÞÓnÍ�ÓëÍ�Ó´ÌUß¿ÌUÍ�òÖnÍ�Ó-Ð ð1Í�×ø÷EÍ�Ê�Ì¿×@È�ÙJâËÍ�×8Ôj×UÍ�ÊyÍ�Ó�Ñ$Êyà@ÖaÔ§Í�ÎyâËÍ�×{��Ø L Êyß¿ÌQ
¿Í�âËÝ´à@Ö³ÓûØË×EÍ�ÊyàUÖËÊ�Óûý|È�×¿Ê\È�ÓûÌVPnç8Í�ÓËÓ�âËÍ�×�ânÈD��ØËÙ°Í�Ö?OÞ×¿Ê�Ù°Í

cjØËÓnâJÉË×¿Ê�Ó���Ê�ÉËÊyÍ�Î�Îhí�OÞÙ|Î�ÊyàUÖnÍ�d�ô ÈÞßUßUÍ�ÓûÌUÍ�×¿í;ý°Í�×UßUàUÖ´ç�Ê�ÓnâËÍ�ÌYÐMð¬ÊyÍ�ß�ßUÌUÍ�Î�Î�Ì�Í�Ê�Ó�ßUà@ÖûçøÍ�×�ç�ÊyÍ�Ù°Í�ÓnâËÍ�ßv!$×UÝ"�ËÎyÍ�íânÈ�×VP!ânÈ�È�Ønß¬âËÍ�Ó�Í��aÉhÍ�×¿Ê�í&Í�Ó´ÌUÍ�Î�ÎyÍ�Ó�Ñ$×¿Ù°Í �ËÓËÊyßUßUÍ�Ó Ô�ÝÞÎ�Ù|ÌVPhânÈÞßUß¬Ê�ÓnßB�hÍ�ß@ÝÞÓnâËÍ�×UÍ>âaÊyÍ¸æ~òøØËÓnâË#Pò¢÷EÝ|ßUÝÞÓnÍ�ÓÍ�Ê�ÓnÍ¬Ù|×UÝ"y°Í�ô ÈÞßUßUÍfÖPÈD�hÍ�Ó-Ð0#NØnß���ÌB��Î�Êyà@Ö�Êyß¿Ì{�hÍ�è|È�ÓËÓûÌVPËânÈÞß@ßw�nÍ�×¿íJÊyÝÞÓnÍ�ÓëÍ�Ê�ÓnÍ�ñ$��ÓnâaÊ�Ù|è°Í�Ê�Ìw�!Í�ß¿Ê�ÌB�YÍ�Ó³ØËÓnââaÊyÍ>ßUàUÖ´çøÈÞà@ÖnÍ7æ�Í�àUÖnßUÍ�Î�ç�Ê�×¿èMØËÓËÙ³ÓûØË×�È�ØaÔ�Î�Ê�ÓËèMß¿Ö0��ÓnâaÊ�Ù°ÍI�nÍ�×¿íJÊyÝÞÓnÍ�Ó�ç�Ê�×¿èMÌYÐPð�È�×@È�ØnßfÔ§ÝÞÎ�Ù|Ìfç�ÊyÍ�âËÍ�×¿ØËíAPânÈÞßUß�âËÍ�×�ô ÈÞßUßUÍ�Ó´ÌUÍ�×¿í#ÔjÕË×E�nÍ�×¿íJÊyÝÞÓnÍ�Ó�ý°Í�×UßUàUÖ´ç�Ê�ÓnâËÍ�ÓCí¸ØnßUß�ØËÓnâ ßUÝÞíJÊ�Ì�Í�Ê�Ó�ç8Í�Ê�ÌUÍ�×UÍ�× æ~ÊyâËÍ�×Uß¿ÉË×¿Ønà@Ö
��Ø³âËÍ�Ó�Í��aÉhÍ�×¿Ê�í&Í�Ó´ÌUÍ�Î�ÎyÍ�ÓëÑ$×¿Ù°Í �ËÓËÊyßUßUÍ�Ó�ý°ÝÞ×¿Î�ÊyÍ�Ù|ÌYÐað�È�×¿Õ��hÍ�×øÖËÊ�ÓPÈ�Ønßv�hÍ�Ý"�PÈÞà@ÖûÌUÍ�ÌEí�È�Ó�Ê�í Ñz�aÉhÍ�×¿Ê�í&Í�Ó´ÌVPânÈÞßUßEâaÊyÍ1í�ÈÞßUßUÊ�ý°Í�ÓX�PÍ�×¿íJÊyÝÞÓnÍ�Ó3âaØË×UàUÖPÈ�Ønßw�!Í�ÊyâËÍ1ñ$��ÓnâaÊ�Ù|è°Í�Ê�ÌUÍ�Ó�È�ÓËÓnÍ�ÖËí&Í�Ó�èlOÞÓËÓnÍ�Ó-Ðnð¬ÊyÍ�ìTSMíJí&Í�Ì¿×¿ÊyÍâËÍ�× ß@àUÖûçEÈÞàUÖnÍ�Ó�æ�Í�àUÖnßUÍ�Î�ç�Ê�×¿èMØËÓËÙ�ÊyßUÌ È�ÎyßUÝJÙ°Í �Ë×UÝMàUÖnÍ�Ó-Ð

n}¸�sQ¸CìWº<ÈYíA»�Ê0Ê4Å î�ïÞºT½D¾�à?¿�»ÇÅ;å\À�Å
ð�È¬ânÈÞß$ì´Ì@È�ÓnânÈ�×Uâaí&ÝMâËÍ�Î�ÎËè°Í�Ê�ÓnÍ�ÓJôåÍ�à@ÖPÈ�ÓËÊyß¿í ØnßF��ØË×�ìTSMíJí&Í�Ì¿×¿ÊyÍ �Ë×UÍ�àUÖ´ØËÓËÙ��!Í�Ê�ÓËÖPÈ�Î�ÌUÍ�ÌVPÞí ØnßUß�Í�Ê�ÓnÍÍ�Ó´ÌUß¿ÉË×UÍ�àUÖnÍ�ÓnâËÍ1Ñ$×¿çøÍ�Ê�ÌUÍ�×¿ØËÓËÙ&âËÍ�ß�ô�Ý´âËÍ�Î�Îyß8Í�Ê�ÓËÙ°Í�ÔjÕËÖË×¿Ìøç8Í�×UâËÍ�ÓQPMâaÊyÍ âaÊyÍ�ßUÍ�ßq
¿Í�âËÝ´à@Ö�Ê�Ó�ß@Í�Ê�ÓnÍ�Ó�È�ÓnâËÍ�×UÍ�ÓÑ$Ê�Ù°Í�Ónß@àUÖPÈ�Ô§ÌUÍ�ÓQPPâaÊyÍ�âaÊyÍ��1È�Ì¿ØË× È�Ø�y°Í�×UÝÞ×UâËÍ�ÓûÌ¿Î�Êyà@Ö Ù|ØËÌ��hÍ�ß@àUÖË×UÍ�Ê��!Í�ÓQPËÓËÊyàUÖ´Ìe�!Í�Í�Ê�Ó�ðnØnßUßUÍ�Ó3ânÈ�×óÔ¿Ðð¬ÊyÍ�Í�Ê�ÓaÔ�ÈÞà@Önß¿ÌUÍ�ô\OÞÙ|Î�ÊyàUÖËè°Í�Ê�Ì�ânÈD��Ø¯�!Í�ß¿ÌUÍ�ÖûÌ$Ê�ÓJâËÍ�×�Ñ$Ê�ÓaÔ§ÕËÖË×¿ØËÓËÙ Í�Ê�ÓnÍ�ß$ß¿è|È�Î\È�×UÍ�ÓJè°ÝÞíJÉËÎyÍ��ËÍ�Ó��nÍ�ÎyâËÍ�ßíJÊ�ÌfÛ7ÇfÝÞíJÉhÝÞÓnÍ�Ó´ÌUÍ�Ó¨cjç�ÙnÐhì9ª

(2)
âËÍ�× ßUà@ÖûçEÈÞàUÖnÍ�Ó�æ�Í�àUÖnßUÍ�Î�ç�Ê�×¿èMØËÓËÙTd

Φ(x) =

(

φ1(x)
φ2(x)

)

,

âËÍ�ßUß@Í�ÓA!rÝÞÌUÍ�Ó´Ì¿Ê\È�Î�È�Îyß
V (x) =

λ

4
(Φ†Φ)2 − µ2Φ†ΦÙ°Í�ßUà@ÖË×¿ÊyÍ �hÍ�Ó3ç8Í�×UâËÍ�Ó3è|È�ÓËÓ-ÐËð¬ÊyÍ�ßUÍ�ß�!�ÝÞÌUÍ�ÓûÌ¿Ê\È�Î�ÖPÈ�ÌEÔjÕË×�É!Ý|ß¿Ê�Ì¿Ê�ý°Í�æ�Í�×¿ÌUÍ�ý°ÝÞÓ

µ2 ß@Í�Ê�Ó3ô3Ê�ÓËÊ�í¸ØËíüÓËÊyàUÖ´ÌÊ�íñªf×Uß¿ÉË×¿ØËÓËÙ?P´ßUÝÞÓnâËÍ�×¿ÓC�!Í�ß¿Ê�ÌB��Ì�Í�Ê�ÓnÍ�Ó�×UÝÞÌ@È�Ì¿ÊyÝÞÓnßUßBSMíJí&Í�Ì¿×¿ÊyßUàUÖ³Í�ÓûÌ@È�×¿ÌUÍ�ÌUÍ�Óëá¬×¿ØËÓnâ���Ønß¿Ì@È�Ónâ[ÐMð¬ÊyÍ��nÝÞ×¿íâËÍ�ß°!�ÝÞÌUÍ�ÓûÌ¿Ê\È�Îyß&ÊyßUÌ¸Ê�Ó¨�e���ËÊ�ÎyâaØËÓËÙCÛaÐ�Ï�Ê�Î�Î�Ønß¿Ì¿×¿ÊyÍ�×¿ÌJØËÓnâ Í�×¿Ê�ÓËÓnÍ�×¿Ì&Í�ÓûÌóÔ�Í�×¿ÓûÌ�È�ÓdÍ�Ê�ÓnÍ�Ó*ôåÍ��aÊ�èÞÈ�ÓnÍ�×¿Ö´ØËÌYÐð¬ØË×UàUÖlÍ�Ê�ÓnÍëÙ°Í�Í�Ê�Ù|ÓnÍ�ÌUÍ�'�È�×¿Ê\ÈD�ËÎyÍ�ÓûÌ¿×@È�ÓnßóÔ�ÝÞ×¿í�È�Ì¿ÊyÝÞÓ èÞÈ�ÓËÓ í�È�Ó~ânÈÞßC!�ÝÞÌUÍ�ÓûÌ¿Ê\È�Î1Ê�Ó Í�Ê�ÓnÍ�×�Ç ÝMÝÞ×UâaÊ�ÓPÈ�ÌUÍÍ�Ó´Ì¿Î\È�ÓËÙ&âËÍ�ß á¬×¿ØËÓnâ���Ønß¿Ì@È�ÓnâËß�c
ξ
d�ØËÓnâ³Í�Ê�ÓnÍ�×QÈ�Îyßw�fØnß¿ÎyÍ�ÓËè´ØËÓËÙJânÈ�×@È�Ønß�c

η
d]�hÍ�ßUà@ÖË×UÍ�Ê��hÍ�Ó³çøÝ´âaØË×Uà@Ö3ânÈÞß

!�ÝÞÌUÍ�ÓûÌ¿Ê\È�ÎrÔ§ÝÞÎ�Ù°Í�ÓnâËÍf�nÝÞ×¿íùÍ�×¿Ö0��Î�ÌVg
Φ(x) =

(

0
η(x) + ξ

)

.

ð¬ÊyÍ�ßfÖPÈ�Ì1Í�Ê�ÓËÊ�Ù°Í¸ç�ÊyàUÖ´Ì¿Ê�Ù°ÍJÇ ÝÞÓnßUÍK%´ØnÍ�Ó��YÍ�ÓQg[ð�ÈÞß	!�ÝÞÌUÍ�ÓûÌ¿Ê\È�Î�Êyß¿Ì ÓËÊyà@ÖûÌ�í&Í�ÖË×1ßBS´íJí&Í�Ì¿×¿Êyß@àUÖ Ê�Ó
η
PPç{��Öaò×UÍ�ÓnâëâaÊyÍf�WÈ�Ù|×@È�ÓËÙ°Í�ò��ËØËÓËèMÌ¿ÊyÝÞÓåÊ�íJí&Í�×QÓnÝMàUÖåânÈÞß ßUÍ�Î��!Í ìTSMßUÌUÍ�íò�hÍ�ßUà@ÖË×UÍ�Ê��ËÌYÐPð¬ÊyÍ�ßUÍ�Ñ$Ê�Ù°Í�Ónß@àUÖPÈ�Ô§Ì ç�Ê�×UâÈ�Îyß	óxô�õ"ö0÷xø"ö.ùEú0û"ü°üCù ÷�ýéþxùVÿ�ý&ù������Tö��Y�!Í �YÍ�ÊyàUÖËÓnÍ�ÌVPPânÈ¸ßUÊyÍfâaÊyÍ�ì9ª°c�ÛldøìTSMíJí&Í�Ì¿×¿ÊyÍ1ÓËÊyàUÖ´Ì Í�×¿Ö0��Î�ÌYÐaæ�Í�Ê�ÌUÍ�×óòÖËÊ�Ó�Ì¿×¿Ê�Ì¿Ì¸Ê�Ó âËÍ�×I�WÈ�Ù|×@È�ÓËÙ°Í�ò��nØËÓËè´Ì¿ÊyÝÞÓ_Í�Ê�Ó ÜWÍ�×¿í Ê�Ó

η
È�ØaÔBPWâËÍ�×¸Í�Ê�Ó ÜWÍ�Ê�Îyà@ÖnÍ�Ó_âËÍ�×¸ô ÈÞßUßUÍ √

2µ
ØËÓnâì´ÉËÊ�ÓCúN�!Í�ßUàUÖË×UÍ�Ê��ËÌYÐ[ð¬ÊyÍ�ßUÍ�ß�ÜrÍ�Ê�ÎyàUÖnÍ�Ó�Êyß¿Ì�ânÈÞß�ñfÊ�Ù|Ù°ßóò¢÷EÝ|ßUÝÞÓ-Ð-ìMàUÖËÎ�ÊyÍ y|Î�Êyà@Ö�Í�ÓûÌUßUÌUÍ�ÖnÍ�Ó�ÜWÍ�×¿í&ÍpP-âaÊyÍ7âËÍ�ÓÑ$Êyà@ÖaÔ§Í�ÎyâËÍ�×¿Ó�âËÍ�×EßUàUÖ´çøÈÞà@ÖnÍ�Ó�æ�Í�àUÖnßUÍ�Î�ç�Ê�×¿èMØËÓËÙJô�ÈÞßUß@Í�Ó�ý°Í�×¿ÎyÍ�Ê�ÖnÍ�ÓQPaßUÝ ânÈÞß@ß8âaÊyÍ æ ± òrØËÓnâW#Pò¢÷EÝ|ßUÝÞÓnÍ�Ó
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	 ththZÇÒ´kW]-T-u Ó.Ô�Õ�Ô{'¬Êyß¿ØPÈ�Î�Êyß¿ÊyÍ�×¿ØËÓËÙJâËÍ�×v�PÝÞ×¿í âËÍ�ßEñfÊ�Ù|Ù°ßóò�!�ÝÞÌUÍ�ÓûÌ¿Ê\È�ÎyßYÐËð1Í�× á¬×¿ØËÓnâ���Øaòß¿Ì@È�Ónâ³Êyß¿Ì È�ØaÔ§Ù|×¿ØËÓnâëßUÍ�Ê�ÓnÍ�ß	�Ë×UÍ�Ê�ÖnÍ�Ê�ÌUß¿Ù|×@ÈÞâËÍ�ß¬Í�ÓûÌ@È�×¿ÌUÍ�ÌYÐ
ô ÈÞßUßUÍ°�!Í�è°ÝÞíJí&Í�Ó-Ðq�°Í�âËÍ�ß>âËÍ�×>È�ÓaÔ�È�ÓËÙ°ß�í�ÈÞßUß@Í�ÎyÝ|ßUÍ�Ó�æ~ò ØËÓnâU#Pò¢÷EÝ|ßUÝÞÓnÍ�Ó ÈD�nß@ÝÞ×B�ËÊyÍ�×¿Ì>ßUÝ�Í�Ê�ÓnÍ�Ó âËÍ�×ØË×Uß¿ÉË×¿ÕËÓËÙ|Î�Êyà@ÖlýMÊyÍ�×X�Ë×UÍ�Ê�ÖnÍ�Ê�ÌUß¿Ù|×@ÈÞâËÍ�âËÍ�ß³ñ Ê�Ù|Ù°ß¿ò��nÍ�ÎyâËÍ�ß�ØËÓnâlÍ�×¿Ö0��Î�Ì³ânÈÞâaØË×UàUÖ ß@Í�Ê�ÓnÍåô ÈÞßUßUÍ|Ð{#NØnß@È�í7òí&Í�Ó*íJÊ�Ì&âËÍ�í(ñfÊ�Ù|Ù°ßóò¢÷EÝ|ßUÝÞÓ_ß¿Ê�Ónâ_È�ÎyßUÝ�È�Î�ÎyÍW�Ë×UÍ�Ê�ÖnÍ�Ê�ÌUßUÙ|×@ÈÞâËÍ�Ê�Ó_ÜWÍ�Ê�Îyà@ÖnÍ�ÓËí�ÈÞßUßUÍ�ÓlÙ°Í �ËØËÓnâËÍ�Ó-ÐF� Ønà@ÖâaÊyÍ¯�nÍ�×¿íJÊyÝÞÓnÍ�Ó Í�×¿ÖPÈ�Î�ÌUÍ�Ó�âaØË×UàUÖ ânÈÞß�ñfÊ�Ù|Ù°ßóò��nÍ�Îyâ�ô ÈÞßUßUÍ�ÓQP[âaÊyÍ&âaØË×Uà@Ö�
�ØËè|È�çøÈ�ò¢ÇfÝÞÉËÉËÎ�ØËÓËÙ°Í�Ó*Ê�Ó�âËÍ�Ó
�nÝÞ×¿í�È�Î�Êyß¿í¸ØnßfÍ�Ê�ÓËÙ°Í�Ô§ÕËÖË×¿ÌQçøÍ�×UâËÍ�Ó-Ð

� Ønß�âËÍ�Ó_Ñ$Ê�Ù°Í�ÓnßUàUÖPÈ�Ô§ÌUÍ�Ó~âËÍ�×��rÈ�Ù|×@È�ÓËÙ°Í�ò��ËØËÓËè´Ì¿ÊyÝÞÓlèlOÞÓËÓnÍ�Ó~È�Ønà@Ö_ý´ÊyÍ�ÎyÍ³çøÍ�Ê�ÌUÍ�×UÍ3Ñ$Ê�Ù°Í�Ónß@àUÖPÈ�Ô§ÌUÍ�ÓâËÍ�ß�ñfÊ�Ù|Ù°ßóò¢÷EÝ|ßUÝÞÓnßr�hÍ�×UÍ�à@ÖËÓnÍ�Ì�ç8Í�×UâËÍ�Ó-ÐW÷øÍ�ß@ÝÞÓnâËÍ�×Uß�ç�ÊyàUÖ´Ì¿Ê�Ùåß¿Ê�Ónâ�ÓnÍ �!Í�Ó�ô�ÈÞßUß@Í¸ØËÓnâCì´ÉËÊ�ÓCÈ�Ønà@Ö�âaÊyÍÇ ÝÞÉËÉËÎ�ØËÓËÙ°Í�Ó���ØdâËÍ�Ó*È�ÓnâËÍ�×UÍ�ÓZ�nÍ�×¿íJÊyÝÞÓnÍ�ÓdØËÓnâ ÷EÝ|ßUÝÞÓnÍ�Ó-Ð�ð¬ØË×UàUÖ*ß¿ÊyÍ�ç8Í�×UâËÍ�Ó*âaÊyÍ³ô�ÈÞß@ßUÍ�ÓQPWÇfÝÞÉËÉaòÎ�ØËÓËÙ°Í�Ó*ØËÓnâ��¬ßBS´íJí&Í�Ì¿×¿ÊyÍ�Ó*ý°Í�×Uß@àUÖËÊyÍ�âËÍ�ÓnÍ�×N!�×UÝ"�YÍ�ßUßUÍ³íJÊ�Ì&âËÍ�í(ñfÊ�Ù|Ù°ßóò¢÷EÝ|ßUÝÞÓdý°Í�×¿è´Ó´ÕËÉaÔjÌYÐ�ð�ÈÞâaØË×Uà@Öç8Í�×UâËÍ�ÓÁ�nÍ S´ÓËí�È�Óaò¢ð¬Ê\È�Ù|×@È�íJí&Í3í�OÞÙ|Î�ÊyàUÖQP�âaÊyÍ³Í�Ê�Ó_ñfÊ�Ù|Ù°ßóò¢÷EÝ|ßUÝÞÓ_Í�ÓûÌ¿ÖPÈ�Î�ÌUÍ�Ó_ØËÓnâ¨��Ø�!$×UÝ"�YÍ�ß@ßUÍ�Ó_âËÍ�×ßUà@ÖûçøÈÞà@ÖnÍ�Ó3æ�Í�à@ÖnßUÍ�Î�ç�Ê�×¿è´ØËÓËÙN�hÍ�Ê�Ì¿×@È�Ù°Í�Ó|c§÷EÍ�Êyß¿ÉËÊyÍ�Î[Ê�ÓA�	���-ÐËÛaÐ�Ûld�ÐËð¬ÊyÍ ì´Ì���×¿è°Í�âaÊyÍ�ßUÍ�×Q÷EÍ�Ê�Ì¿×���Ù°Í�Ö0��ÓËÙ|Ìç�ÊyÍ�âËÍ�×¿ØËí íJÊ�Ì7âËÍ�×7ñfÊ�Ù|Ù°ßóò¢ô ÈÞßUßUÍN��Ønß@È�íJí&Í�ÓQP�ßUÝ�ânÈÞßUß7ânÈÞâaØË×UàUÖ_âaÊyÍX!$×UÝ"�YÍ�ßUßUÍ³Í�Ê�ÓnÍX�	�ËÖ0��ÓËÙ|Ê�Ù|è°Í�Ê�Ìý°ÝÞÓëâËÍ�× ñfÊ�Ù|Ù°ßóò¢ô ÈÞßUßUÍr�!Í�è°ÝÞíJí&Í�Ó-Ð
n}¸�®Q¸�¯»�Å�¾�º<È"»ÇÊ4ºÎäQÀq½"¾qº9¿[¿�à�½D¾ÁÂ�ºTå íA»�Ê4Ê0Å î��°ã0Å�ã4¿

÷EÍ�Ê��WÑF!�PÞçøÝ�Ñ$ÎyÍ�èMÌ¿×UÝÞÓnÍ�ÓJØËÓnâI!�Ý|ß¿Ê�Ì¿×UÝÞÓnÍ�ÓJíJÊ�Ì$Í�Ê�ÓnÍ�×8ìMàUÖ´ç8Í�×¿ÉËØËÓËèMÌUßUÍ�ÓnÍ�×¿Ù|ÊyÍQý°ÝÞÓ°�ËÊyßz��ØJÛ|ú|õ�á1Íx'
��ØË×�Ç ÝÞÎ�Î�Êyß¿ÊyÝÞÓ3Ù°Í �Ë×@ÈÞàUÖûÌfç�ØË×UâËÍ�ÓQPnß¿Ê�Ónâ�ý°Í�×UßUà@ÖËÊyÍ�âËÍ�ÓnÍ�ôåÍ�Ì¿ÖnÝMâËÍ�ÓW��ØË×fì´ØnàUÖnÍ�ÓPÈÞàUÖëâËÍ�íüñfÊ�Ù|Ù°ßóò¢÷EÝ|ßUÝÞÓØËÓnâX��ØË× ÷EÍ�ß¿Ì¿Ê�íJí¸ØËÓËÙ�ßUÍ�Ê�ÓnÍ�× ô ÈÞßUßUÍ�È�ÓËÙ°Í�çEÈ�ÓnâaÌfçøÝÞ×UâËÍ�Ó-Ð

#NØË×1Ê�ÓnâaÊ�×UÍ�è´ÌUÍ�Ó�÷EÍ�ß¿Ì¿Ê�íJí ØËÓËÙëâËÍ�×�ô ÈÞßUßUÍ¸èÞÈ�ÓËÓ Í�Ê�ÓnÍ
χ2 ò��ËØËÓËèMÌ¿ÊyÝÞÓ Ô§ÝÞ×¿í¸ØËÎ�ÊyÍ�×¿Ì�ç8Í�×UâËÍ�ÓQP!âaÊyÍJÈ�Î�ÎyÍý°ÝÞÓ�âËÍ�×�ñfÊ�Ù|Ù°ßóò¢ô�ÈÞß@ßUÍJÈD�ËÖ0��ÓËÙ|Ê�Ù°Í�ÓCôåÍ�ß@ß¿ç8Í�×¿ÌUÍ&Í�Ó´Ì¿Ö0��Î�ÌVP-ßUÝ³ânÈÞßUß�ßUà@ÖËÎ�ÊyÍ y|Î�ÊyàUÖ âËÍ�×��-ÝÞÙûÈ�×¿Ê�Ì¿ÖËí Ønß>âËÍ�×ñfÊ�Ù|Ù°ßóò¢ô�ÈÞß@ßUÍ&È�Îyß�Ô§×UÍ�ÊyÍ�×f!�È�×@È�í&Í�ÌUÍ�×7Í�Ê�ÓËÙ°Í�Ö´ÌYÐq��Ó|�	���ËÊ�ÎyâaØËÓËÙ�ÛaÐ�ï�ÊyßUÌ âaÊyÍ��	�ûç8Í�Êyà@ÖûØËÓËÙ ý°ÝÞÓ

χ2 ý°ÝÞíôåÊ�ÓËÊ�í ØËí âaÊyÍ�ßUÍ�×��nØËÓËè´Ì¿ÊyÝÞÓ_Ê�ÓÁ�e�ËÖ0��ÓËÙ|Ê�Ù|è°Í�Ê�Ì&ý°ÝÞÓ_âËÍ�×�ñ Ê�Ù|Ù°ßóò¢ô ÈÞßUßUÍ³ânÈ�×¿Ù°Í�ß¿ÌUÍ�Î�Î�ÌYÐ�ð1ÈÞß�ô3Ê�ÓËÊ�í¸ØËíÎ�ÊyÍ�Ù|Ìv�hÍ�Ê!Í�Ê�ÓnÍ�í æ�Í�×¿Ìøý°ÝÞÓ
m - = 114+69

−45

á1Íx'ñh��Tk¢Ð<��ÕË×EÍ�Ê�Ó�ÇfÝÞÓ��PâËÍ�Ó���ÓËÊ�ý°ÍYÈ�Øëý°ÝÞÓ³õ|Úl;Í�×¿Ö0��Î�ÌEí�È�ÓÍ�Ê�ÓnÍ�Óëæ�Í�×¿ÌQý°ÝÞÓ
m - < 260

á1Í�'>Ð
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	 tNthZÇÒ´kW]-TWu�Ó.Ô,Ó.ÔQ÷øÍ�ÊyßUÉËÊyÍ�Î1ÔjÕË×W�nÍ SMÓËí�È�ÓnâaÊ\È�Ù|×@È�íJí&ÍpP âËÍ�×UÍ�Ó ìMà@ÖËÎyÍ�Ê�Ô§Í�Ó ÷EÍ�Ê�Ì¿×���Ù°Íý°ÝÞÓ3ñfÊ�Ù|Ù°ßóò¢÷EÝ|ßUÝÞÓnÍ�ÓëÍ�ÓûÌ¿ÖPÈ�Î�ÌUÍ�Ó-Ð
÷EÍ�Ê?�-ÑF!Cç�ØË×UâËÍ�Ó�È�ØnàUÖ�âaÊ�×UÍ�èMÌUÍ ì´ØnàUÖnÍ�Ó�ÓPÈÞàUÖ&âËÍ�í;ñfÊ�Ù|Ù°ßóò¢÷EÝ|ßUÝÞÓ&âaØË×Uà@ÖËÙ°Í�ÔjÕËÖË×¿ÌYÐ´ð¬Í�×�âËÝÞíJÊ�ÓPÈ�Ó´ÌUÍ

!$×UÝMâaØËèMÌ¿ÊyÝÞÓnß¿èÞÈ�ÓPÈ�ÎPÊyß¿Ì�âËÝÞ×¿Ì
e+e− → ñr#�P°È�ÎyßUÝ�âaÊyÍQÈÞß@ßUÝ"��Ê�ÊyÍ�×¿ÌUÍ�!$×UÝMâaØËè´Ì¿ÊyÝÞÓ�íJÊ�Ì�Í�Ê�ÓnÍ�í #�Ðp�fÎ�ÎyÍ�×UâaÊ�ÓËÙ°ßÊyß¿Ì>âËÍ�×f��ØËÙ<��ÓËÙ|Î�Êyà@ÖnÍ�ô ÈÞßUßUÍ�ÓT�hÍ�×UÍ�Êyà@Ö âaØË×Uà@Ö*âaÊyÍ&èMÊ�ÓnÍ�í�È�Ì¿ÊyßUàUÖnÍ�Ó��fÈ�Ónâ��!Í�âaÊ�ÓËÙ|ØËÓËÙ°Í�ÓdÍ�Ê�ÓËÙ°Í�ßUàUÖË×���ÓËèMÌØËÓnâ*Í�Ê�Ó*ñfÊ�Ù|Ù°ßóò¢÷EÝ|ßUÝÞÓ*èÞÈ�ÓËÓ*Ê�Ó*âaÊyÍ�ßUÍ�í(Ç�È�ÓPÈ�Î�Ó´ØË×JÉË×UÝ´âaØ���ÊyÍ�×¿Ì�ç8Í�×UâËÍ�ÓQP$çøÍ�ÓËÓ

m - <
√
s − m : Ðð�È�íJÊ�Ì�Î�ÊyÍ�Ù|Ì�È�ÎyßUÝ�âaÊyÍëèMÊ�ÓnÍ�í�È�Ì¿ÊyßUàUÖnÍR�	�hÍ�×¿Ù|×UÍ�Ó��YÍ\�!Í�Ê Í�Ì¢çEÈlÏ|Ï�ãCá1Í�'>Ð8÷øÍ�Ê$�-ÑF! ç�ØË×UâËÍåíJÊ�Ì�âËÍ�Óý°ÝÞ×¿ÖPÈ�ÓnâËÍ�ÓnÍ�Ó ð1È�ÌUÍ�Ó�Í�Ê�ÓnÍ�á1×UÍ�Ó��YÍ7ý°ÝÞÓ

m - < 114.4
á1Íx' �!Í�Ê�Í�Ê�ÓnÍ�íäÇ ÝÞÓ��PâËÍ�Ó���ÓËÊ�ý°ÍYÈ�Ø ý°ÝÞÓCõ|ÚAÙ°Í�Ô§ØËÓnâËÍ�Ó|h�®�k¢Ð

n7¸>Í7¸��r¿.áVÂ�ºT½;ÉQÀ�¿�Ê0Å��Fã0áVºT¿.á�»�à?¼và?å ¹�º���à�áVÈDã4¿
��ÓË�e���ËÊ�ÎyâaØËÓËÙ3ÛaÐ ö3ßUÊ�Ónâ�âaÊyÍ7ç�Êyà@ÖûÌ¿Ê�Ù°ß¿ÌUÍ�Ó±�nÍ SMÓËí�È�ÓnâaÊ\È�Ù|×@È�íJí&Í�ânÈ�×¿Ù°Í�ß¿ÌUÍ�Î�Î�ÌVPWâaÊyÍ°��ØË×�!$×UÝ´âaØËèMÌ¿Ê�òÝÞÓ�ý°ÝÞÓCñ Ê�Ù|Ù°ß¿ò¢÷øÝ|ß@ÝÞÓnÍ�ÓCÊ�ÓU!�×UÝÞÌUÝÞÓaò�!$×UÝÞÌUÝÞÓ¨����ç�Ðq!$×UÝÞÌUÝÞÓaò��fÓûÌ¿Ê�ÉË×UÝÞÌUÝÞÓ_ÇfÝÞÎ�Î�Êyß¿ÊyÝÞÓnÍ�ÓU�!Í�Ê�Ì¿×@È�Ù°Í�Ó-Ð�ô3Ê�Ì

�fØnß¿ÓPÈ�ÖËí&Í�âËÍ�×Já¬Î�ØnÝÞÓaò��ËØnß¿ÊyÝÞÓucjÙ|Ù → ñEd1Í�×B�YÍ�ØËÙ°Í�ÓdÈ�Î�ÎyÍN!$×UÝ"�YÍ�ßUßUÍ�ÓnÍ �hÍ�Ó âËÍ�íêñfÊ�Ù|Ù°ßóò¢÷EÝ|ßUÝÞÓ�çøÍ�Ê�ÌUÍ�ò×UÍ&ÜrÍ�Ê�ÎyàUÖnÍ�ÓQP�âËÍ�×UÍ�ÓU�1ÈÞàUÖ´ç8Í�ÊyßI�hÍ�Ê�âËÍ�×7ìMÍ�ÎyÍ�è´Ì¿ÊyÝÞÓ�ý°ÝÞÓ�ñfÊ�Ù|Ù°ßóò¢Ñ$×UÍ�Ê�Ù|ÓËÊyßUßUÍ�ÓCÖËÊ�Î�Ôj×UÍ�Êyà@Ö ßUÍ�Ê�Ó�è|È�ÓËÓ-ÐWð¬ÊyÍÍ�Ó´ÌUß¿ÉË×UÍ�àUÖnÍ�ÓnâËÍ�Ó³ælÊ�×¿è´ØËÓËÙ°ß&%´ØnÍ�×UßUà@ÖËÓËÊ�Ì¿ÌUÍ Ê�ÓY�e�ËÖ0��ÓËÙ|Ê�Ù|è°Í�Ê�ÌEâËÍ�×8ñfÊ�Ù|Ù°ßóò¢ô ÈÞßUßUÍQß¿Ê�Ónâ&Ê�ÓN�	���ËÊ�ÎyâaØËÓËÙ>ÛaÐ�ÚânÈ�×¿Ù°Í�ß¿ÌUÍ�Î�Î�ÌYÐ�ðfÊyÍëÙ°Í �YÍ�Ê�Ù|ÌUÍ�Ó_æ~Ê�×¿èMØËÓËÙ°ß&%´ØnÍ�×UßUàUÖËÓËÊ�Ì¿ÌUÍåß¿Ê�Ónâ Ô§ÕË×C!$×UÝÞÌUÝÞÓaò��fÓûÌ¿Ê�ÉË×UÝÞÌUÝÞÓÿÇ ÝÞÎ�Î�Êyß¿ÊyÝÞÓnÍ�ÓÁ�hÍ�ÊÍ�Ê�ÓnÍ�×�ìMàUÖûçøÍ�×¿ÉËØËÓËè´ÌUß@Í�ÓnÍ�×¿Ù|ÊyÍ1ý°ÝÞÓ�Û�ÜWÍ�'u�hÍ�×UÍ�à@ÖËÓnÍ�ÌVPûÙ°Í�Î�ÌUÍ�Ó³È�ÎyßUÝ1Ô§ÕË×�âaÊyÍQÑz�aÉ!Í�×¿Ê�í&Í�ÓûÌUÍ1È�í;ÜWÍ�ý|È�Ì¿×UÝÞÓ-ÐÑ�ß1ÊyßUÌfèMÎ\È�×r��Ø ß@Í�ÖnÍ�ÓQPhânÈÞß@ß¬âaÊyÍ&á¬Î�ØnÝÞÓaò��nØnß¿ÊyÝÞÓË�!Í�ÊrçøÍ�Ê�ÌUÍ�íäâËÍ�Ó�Ù|×&O"y|ÌUÍ�Ó�ælÊ�×¿èMØËÓËÙ°ß&%ûØnÍ�×Uß@àUÖËÓËÊ�Ì¿Ì�Ê�í÷EÍ�×UÍ�ÊyàUÖW��ç�Êyß@àUÖnÍ�Ó3úaÐ�Ï¬É��Ëcjí - = 200
á1Í�'Ed�ØËÓnâ Ï|Ð�ú¸É��Rcjí - = 115

á1Í�'Ed�ÖPÈ�ÌYÐaÑ�ßøÔ�ÝÞÎ�Ù°Í�Ó�âaÊyÍ$!�×UÝ�ò
�YÍ�ßUß@Í8æÿñ_ØËÓnâY#hñbPÞâËÍ�×UÍ�Ó&ælÊ�×¿è´ØËÓËÙ°ß�%ûØnÍ�×UßUà@ÖËÓËÊ�Ì¿ÌUÍw�!Í�ÊPúaÐ�ú|Û¬É��aò�úaÐ�ÏEÉ��¯����ç�ÐûúaÐ�úaÏEÉ��aò�úaÐ�ú|Ú1É��JÎ�ÊyÍ�Ù°Í�Ó-Ðð¬ÊyÍ�ÈÞßUßUÝ"��Ê�ÊyÍ�×¿ÌUÍr!$×UÝMâaØËè´Ì¿ÊyÝÞÓ�íJÊ�Ì�Í�Ê�ÓnÍ�í�!�È|È�×QßUàUÖ´ç8Í�×UÍ�×¬éfØPÈ�×¿èaßøÎ�ÊyÍ�Ù|ÌQÍ�Ê�ÓnÍ¬ç8Í�Ê�ÌUÍ�×UÍ á¬×&O"y°Í�ÓnÝÞ×UâaÓ´ØËÓËÙânÈ�×¿ØËÓ´ÌUÍ�×YÐ

��ÕË× âaÊyÍ>ìMÍ�ÎyÍ�èMÌ¿ÊyÝÞÓëý°ÝÞÓ�Ñ$×UÍ�Ê�Ù|ÓËÊyßUßUÍ�Ó�ß¿Ê�ÓnâëÈ�ØnàUÖ�âaÊyÍ�'�Í�×B��ç8Í�Ê�Ù|ØËÓËÙ°ßUý°Í�×¿Ö0��Î�Ì¿ÓËÊyßUßUÍ7âËÍ�ß	#hÍ�×óÔ�È�Î�Îyß âËÍ�×ñfÊ�Ù|Ù°ßóò¢÷EÝ|ßUÝÞÓnÍ�Ó�ý°ÝÞÓ�Ù|×UÝ"y°Í�×r÷øÍ�âËÍ�ØËÌ¿ØËÓËÙnÐ;� Ønà@Ö ß¿ÊyÍ�ßUÊ�Ónâ�ß¿Ì@È�×¿è1ÈD�ËÖ0��ÓËÙ|Ê�Ùfý°ÝÞÓ âËÍ�×WñfÊ�Ù|Ù°ßóò¢ô ÈÞßUßUÍ�ØËÓnâ�Ê�Ó
�	���ËÊ�ÎyâaØËÓËÙ¸ÛaÐ�Ú1ânÈ�×¿Ù°Í�ß¿ÌUÍ�Î�Î�ÌYÐ°÷EÍ�ÊËèMÎyÍ�Ê�ÓnÍ�Ó&ô�ÈÞß@ßUÍ�ÓAcjí - . 140

á1Í�'Ed��YÍ�×óÔx��Î�Î�Ì�ânÈÞß�ñfÊ�Ù|Ù°ß�Õ��hÍ�×¿ç�ÊyÍ�Ù°Í�ÓnâÊ�Ó³Í�Ê�Ó
bb

!�È|È�×YÐa÷EÍ�ÊNÙ|×&O"y°Í�×UÍ�Ó�ô ÈÞßUßUÍ�Ó�ç�Ê�×Uâ³âËÍ�×�#hÍ�×óÔ�È�Î�ÎhÊ�Ó³Í�Ê�ÓY!�È|È�×Eý°ÝÞÓ�æ~ò¢÷EÝ|ßUÝÞÓnÍ�Ó�âËÝÞíJÊ�ÓËÊyÍ�×UÍ�Ónâ[Ð
ªfí È�Ó�âËÍ�Ó�Ñz�aÉhÍ�×¿Ê�í&Í�Ó´ÌUÍ�Ó³âËÍ�ßøÜWÍ�ý|È�Ì¿×UÝÞÓ³Í�Ê�Ó�ñfÊ�Ù|Ù°ßóò¢÷EÝ|ßUÝÞÓ�Í�Ó´ÌUâËÍ�àUè°Í�ÓX��Ø�èlOÞÓËÓnÍ�ÓQP´í ÕnßUß@Í�Ó�È�Î�ÎyÍý°Í�×óÔ§ÕËÙp�PÈ�×UÍ�Ó[!$×UÝMâaØËè´Ì¿ÊyÝÞÓnß¿ò�ØËÓnâ[#hÍ�×óÔ�È�Î�Îyß¿è|È�Ó0��ÎyÍX��ØË×&ð�È�ÌUÍ�ÓPÈ�ÓPÈ�Î�SMß@ÍëÈ�Ønß¿Ù°Í�ÓûØËÌB��Ì&çøÍ�×UâËÍ�Ó-Ð$ælÊyÍX�hÍ�ò×UÍ�Ê�ÌUßv�!Í�ßUàUÖË×¿ÊyÍ �!Í�ÓQPMÊyß¿ÌøâËÍ�×EÙ°Í�ß@È�í¸ÌUÍE!$×UÝMâaØËè´Ì¿ÊyÝÞÓnß¿ç�Ê�×¿èMØËÓËÙ°ß&%´ØnÍ�×UßUàUÖËÓËÊ�Ì¿ÌEÔ§ÕË× ì´Ì@È�ÓnânÈ�×Uâaí&Ý´âËÍ�Î�Î-ñfÊ�Ù|Ù°ßóò÷EÝ|ßUÝÞÓnÍ�Ó3È�í ÜWÍ�ý|È�Ì¿×UÝÞÓ3Í�Ì�çøÈ°��ç�ÊyßUà@ÖnÍ�Ó3úaÐ�Û>É�� −1 ØËÓnâëÛ¸É�� −1 Ðað¬ÊyÍE� Ó���È�ÖËÎ[âËÍ�×�Ì@È�ÌUß��Þà@ÖËÎ�ÊyàUÖëÉË×UÝMâaØaò

��ÊyÍ�×¿ÌUÍ�Ó ñ Ê�Ù|Ù°ßóò¢÷EÝ|ßUÝÞÓnÍ�Ó Í�×¿Ù|Ê��ËÌ¸ß¿Êyà@Ö�ânÈ�ÓËÓdÈ�Ønß âËÍ�í@!�×UÝ´âaØËèMÌ¸âaÊyÍ�ßUÍ�ß æ~Ê�×¿èMØËÓËÙ°ß&%´ØnÍ�×UßUàUÖËÓËÊ�Ì¿ÌUÍ�ß¸ØËÓnââËÍ�×øý°ÝÞí ÷EÍ�ßUà@ÖËÎyÍ�ØËÓËÊ�Ù°Í�×QÍ�×¿×UÍ�ÊyàUÖ´ÌUÍ�ÓëÊ�ÓûÌUÍ�Ù|×¿ÊyÍ�×¿ÌUÍ�ÓA�[ØËíJÊ�ÓnÝ|ßUÊ�Ì���ÌYÐM÷øÊyßv��ØËí Ñ$ÓnâËÍ1âËÍ�ßv� ØËÓN�&�$ßUÊ�Ónâ&íJÊ�ÌâËÍ�×QâËÍ�×B�YÍ�Ê�ÌfÈ�ÓËÙ°Í�ßUÌ¿×UÍ �ËÌUÍ�Ó��[ØËíJÊ�ÓnÝ|ß¿Ê�Ì���Ìfý°ÝÞÓ�öÞò�î¸Ô�� −1 È�ÎyßUÝ°�ËÊyßw��ØëÍ�Ê�ÓËÊ�Ù°Í�ÓåÜrÈ�ØnßUÍ�ÓnâëÑ�×UÍ�Ê�Ù|ÓËÊyßUßUÍ�ÓA��ØÍ�×¿çEÈ�×¿ÌUÍ�Ó-Ðq�fÎ�ÎyÍ�×UâaÊ�ÓËÙ°ß�èlOÞÓËÓnÍ�Ó�ÓËÊyàUÖ´Ì>È�Î�ÎyÍJÑ$×UÍ�Ê�Ù|ÓËÊyß@ßUÍ¯��ØË×f�fÓPÈ�Î�SMß@Í¸Ù°Í�Ó´ØËÌB��Ì çøÍ�×UâËÍ�ÓQP-ânÈ�Í�Ê�Ó�Ù|×UÝ"y°Í�×ÜrÍ�Ê�ÎPânÈ�ý°ÝÞÓ³È�ØaÔjÙ|×¿ØËÓnâ�âËÍ�×�ð¬Í�ÌUÍ�èMÌUÝÞ×@È�è9�YÍ�ÉËÌ@È�Ó��fØËÓnâ&âËÍ�×EìMÍ�ÎyÍ�è´Ì¿ÊyÝÞÓnß¿ý°Í�×óÔ�È�ÖË×UÍ�Ó�ý°Í�×¿çøÝÞ×óÔ§Í�Ó�ç�Ê�×Uâ[Ðl�fØnàUÖ
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Excluded Preliminary

∆αhad =∆α(5)

0.02761±0.00036
0.02749±0.00012
incl. low Q2 data

Theory uncertainty

	 ththZÇÒ´kW]-T-uëÓ.Ô��}Ô Ñ$×¿Ù°Í �ËÓËÊyß1âËÍ�×r� ÓËÉPÈÞßUßUØËÓËÙ�âËÍ�×1ñ Ê�Ù|Ù°ßUí�ÈÞßUßUÍ¸È�Ó âaÊyÍ¸Ù°Í�í&Í�ßUßUÍ�ÓnÍ�Ó
!�È�×@È�í&Í�ÌUÍ�×�âËÍ�× ì´Ì@È�ÓnânÈ�×Uâaí&ÝMâËÍ�Î�Îyß�h��<k¢Ðhð¬ÊyÍ>ý°Í�×UßUàUÖËÊyÍ�âËÍ�ÓnÍ�Ó�Ç1ØË×¿ý°Í�ÓR�YÍ�Ê�Ù°Í�Ó�ânÈÞß1Ñ$×óòÙ°Í �ËÓËÊyß[Ô§ÕË×-ý°Í�×UßUà@ÖËÊyÍ�âËÍ�ÓnÍ8ÖPÈÞâa×UÝÞÓËÊyß@àUÖnÍøÇ ÝÞ×¿×UÍ�èMÌ¿ØË×UÍ�Ób��Ø

αs
Ð�ð¬ÊyÍ�âaØË×UàUÖËÙ°Í �YÝÞÙ°Í�ÓnÍEÇ1ØË×óòý°Í�ý°Í�×¿çøÍ�ÓnâËÍ�Ì�âËÍ�Ób�ËÊyß¿ÖnÍ�×��!Í�ß¿ÌUÍ�Ó¸æ�Í�×¿ÌVP�âaÊyÍ8Ù°Í�ß¿Ì¿×¿ÊyàUÖnÍ�Î�ÌUÍ�Ç1ØË×¿ý°Í��hÍ ��ÊyÍ�Ö´Ì�ÓnÍ�ØnÍ8ð�È�ÌUÍ�Óý°ÝÞÓå÷EÑ8ì3Í�Ê�ÓQPNâaÊyÍf�hÍ�Ê�ÓËÊyÍ�âa×¿Ê�Ù°Í�Ó Ñ$ÓnÍ�×¿Ù|ÊyÍ�Ó Ù°Í�í&Í�ßUßUÍ�Ó�ç�ØË×UâËÍ�ÓQPPØËÓnâ�âaÊyÍ Ù°Í�ÉËØËÓËèMÌUÍ�òÌUÍW�[Ê�ÓËÊyÍW�!Í�×¿ÕnàUèaß¿ÊyàUÖ´Ì¿Ê�Ù|Ì�Í�Ê�Ó*è°ÝÞÓ´Ì¿×UÝYý°Í�×Uß³âaÊyß¿èMØËÌ¿ÊyÍ�×¿ÌUÍ�ßC�fÍ�ß¿ØËÎ�Ì@È�ÌJý°ÝÞÓ[�fØnÜWÍx'7Ð�ð�ÈÞß÷�È�Ónâ�è°Í�ÓËÓ��YÍ�Êyà@ÖËÓnÍ�Ì âaÊyÍ�ÈD�ËÙ°Í�ßUàUÖ0��ÌB��ÌUÍ�ÓAªfÓnß¿ÊyàUÖnÍ�×¿ÖnÍ�Ê�ÌUÍ�Ó3ý°ÝÞÓ�ÓnÝMàUÖ³ÓËÊyàUÖ´Ìw�hÍ�×UÍ�à@ÖËÓnÍ�òÌUÍ�ÓëÇ ÝÞ×¿×UÍ�èMÌ¿ØË×UÍ�Ó3Ö?OÞÖnÍ�×UÍ�×E�f×UâaÓûØËÓËÙnÐ

èlOÞÓËÓnÍ�Ó_ÓËÊyà@ÖûÌ�È�Î�ÎyÍëÇ�È�Ó0��ÎyÍ³Ô§ÕË×�È�Î�ÎyÍëñ Ê�Ù|Ù°ß¿ò¢ô�ÈÞßUß@Í�Ó_ý°Í�×¿ç8Í�ÓnâËÍ�Ì�ç8Í�×UâËÍ�ÓQP�çøÝÞíJÊ�Ì�Í�Ê�Ó_çøÍ�Ê�ÌUÍ�×UÍ�×�ÜrÍ�Ê�ÎâËÍ�×�ñ Ê�Ù|Ù°ß¿ò¢Ñ$×UÍ�Ê�Ù|ÓËÊyßUßUÍ1ý°Í�×¿ÎyÝÞ×UÍ�ÓëÙ°Í�Ö´ÌYÐPìMàUÖËÎ�ÊyÍ y|Î�Êyà@Ö3Ù|Ê��ËÌ�Í�ßøÔjÕË×QÈ�Î�ÎyÍ�Ç�È�Ó0��ÎyÍEªfÓûÌUÍ�×¿Ù|×¿ØËÓnâaÉË×UÝ"�YÍ�ßUß@ÍpPnâaÊyÍ
��ÖËÓËÎ�ÊyàUÖnÍ1ÝMâËÍ�×�ÊyâËÍ�Ó´Ì¿ÊyßUàUÖnÍ ì´Ê�Ù|ÓPÈ�Ì¿ØË×UÍ�Ó³Ê�í ð¬Í�ÌUÍ�èMÌUÝÞ×EÍ�×B�YÍ�ØËÙ°Í�Ó�ç�ÊyÍ¬Í�Ê�Ó�ñfÊ�Ù|Ù°ßóò¢÷EÝ|ßUÝÞÓ-Ð9�¢Ó�âaÊyÍ�ßUÍ�í¬�PÈ�Î�ÎÊyß¿Ì�Í�ß�È�Îyß@Ý�Í�×óÔ§ÝÞ×UâËÍ�×¿Î�Êyà@ÖQPûÍ�Ê�ÓnÍ�í�OÞÙ|Î�Êyà@Önß¿Ì�Ù|×UÝ"y°Íe� Ó���È�ÖËÎný°ÝÞÓ³ì´Ê�Ù|ÓPÈ�ÎyÍ�×UÍ�Ê�Ù|ÓËÊyßUßUÍ�ÓY��Ø°�nÓnâËÍ�ÓQPûânÈ�íJÊ�Ì�ß¿Êyà@ÖânÈÞßfì´Ê�Ù|ÓPÈ�ÎWßUÌ@È�Ì¿Êyß¿Ì¿ÊyßUàUÖåß¿Ê�Ù|ÓËÊ�nèÞÈ�Ó´Ì ý°ÝÞí�ªfÓûÌUÍ�×¿Ù|×¿ØËÓnâ�ÈD�ËÖnÍ �ËÌYÐ

'�ÝÞ×�÷EÍ�Ù|Ê�ÓËÓ&âËÍ�ßF�QØËÓ����-ç�ØË×UâËÍ�Ó�È�í �z�$�	�3È�Ønß¿ÔjÕËÖË×¿Î�Êyà@ÖnÍ¬ì´Ì¿ØnâaÊyÍ�Ó��!Í ��ÕËÙ|Î�ÊyàUÖ�âËÍ�ß�Ñ$ÓûÌUâËÍ�à@è´ØËÓËÙ°ßóòÉ!ÝÞÌUÍ�ÓûÌ¿Ê\È�ÎyßWÔjÕË×WânÈÞßWñ Ê�Ù|Ù°ßóò¢÷EÝ|ßUÝÞÓ>âaØË×UàUÖËÙ°Í�Ô§ÕËÖË×¿Ìvh���k¢ÐV��Ó âaÊyÍ�ßUÍ�Ó�ý°ÝÞÓ âËÍ�×$ì9ª1ì�
¬ò¢ñfÊ�Ù|Ù°ßóò�æ�ÝÞ×¿è´Ê�ÓËÙÞò�á1×UÝÞØËÉ
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	 tNthZÇÒ´kW]-TWuuÓ.Ô�EQÔQðfÊyÍ1ç�Êyà@ÖûÌ¿Ê�Ù°ß¿ÌUÍ�Ó\�nÍ SMÓËí�È�ÓnâaÊ\È�Ù|×@È�íJí&Í�Ô§ÕË×QâaÊyÍE!$×UÝMâaØËè´Ì¿ÊyÝÞÓ�ý°ÝÞÓñfÊ�Ù|Ù°ßóò¢÷EÝ|ßUÝÞÓnÍ�Ó-Ð
c�ìMñfæ~á�d$âaØË×Uà@ÖËÙ°Í�ÔjÕËÖË×¿ÌUÍ�Óëì´Ì¿ØnâaÊyÍ�Ó�ç�ØË×UâËÍQý°Í�×Uß¿Ønà@ÖûÌVPMâaÊyÍe�-Í�Êyß¿Ì¿ØËÓËÙ°ß¿Ô���ÖËÊ�Ù|è°Í�Ê�ÌEâËÍ�×8ð1Í�ÌUÍ�èMÌUÝÞ×UÍ�Ó�ÈD����ØaòßUà@Ö0��ÌB�YÍ�Ó&ØËÓnâI��ØJÉPÈ�×@È�í&Í�Ì¿×¿Êyß¿ÊyÍ�×UÍ�ÓQP°ØËí Í�Ê�ÓnÍEí�OÞÙ|Î�Êyà@Önß¿ÌF��ØËÌ¿×UÍ�F[Í�ÓnâËÍQ÷EÍ�ßUàUÖË×UÍ�Ê��ËØËÓËÙ�Ô§ÕË×$âaÊyÍw� ÓPÈ�Î�SaßUÍ�Ó
��Ø�Í�×¿ÖPÈ�Î�ÌUÍ�Ó-Ð9�-Í�ÊyâËÍ�×øß¿ÌUÍ�Î�Î�Ì�ß¿Êyà@Ö�ÓûØËÓ�ÖnÍ�×@È�ØnßVPûânÈÞß@ß�Í�Ê�ÓËÊ�Ù°Í ð1Í�ÌUÍ�èMÌUÝÞ×¿è°ÝÞíJÉhÝÞÓnÍ�Ó´ÌUÍ�Ó³âaÊyÍ¬È�ÓËÙ°Í�ÓnÝÞíJí&Í�ÓnÍ
!$×��D��ÊyßUÊyÝÞÓ_ÓnÝ´à@Ö_ÓËÊyàUÖ´Ì�Í�×¿×UÍ�Êyà@ÖnÍ�Ó-Ð]��ÓnßB�hÍ�ß@ÝÞÓnâËÍ�×UÍ�ß¿Ê�Ónâ_âaÊyÍ�Ñz����ÊyÍ�Ó��3ÔjÕË×&âaÊyÍW��âËÍ�ÓûÌ¿Ê�nè|È�Ì¿ÊyÝÞÓ ý°ÝÞÓ

b
òéfØPÈ�×¿èaß�ßUÝ�ç�ÊyÍQâaÊyÍ��fØnß¿Î,O|ß¿ØËÓËÙ�ý°ÝÞÓN�°Í�ÌUß�ÖËÊ�Ó´ÌUÍ�×8âËÍ�Ó�Ñ$×¿çEÈ�×¿Ì¿ØËÓËÙ°Í�ÓX��ØË×¿ÕnàUèMÙ°Í �ËÎ�ÊyÍ �hÍ�Ó-ÐMÑ$Ê�ÓnÍ È�ØnßóÔ§ÕËÖË×¿Î�Ê�òà@ÖnÍ�ðfÊyßUè´ØnßUßUÊyÝÞÓC�nÓnâËÍ�ÌQß¿Êyà@ÖW�hÍ�Ê[âËÍ�×���ÓûÌUÍ�×¿ÉË×UÍ�Ì@È�Ì¿ÊyÝÞÓ3âËÍ�×�Ñ$×¿Ù°Í �ËÓËÊyß@ßUÍ�âaÊyÍ�ßUÍ�×w�fÓPÈ�Î�SMßUÍ¬Ê�Ó�Ç�È�ÉËÊ�ÌUÍ�ÎrãMÐ önÐ

�	���ËÊ�ÎyâaØËÓËÙ1ÛaÐ�þe�YÍ�Ê�Ù|Ì�âaÊyÍ��[ØËíJÊ�ÓnÝ|ßUÊ�Ì���ÌVP�âaÊyÍ��!Í�Ó?OÞÌ¿Ê�Ù|Ìrç�Ê�×Uâ}P�ØËíë�fØnßUßUà@ÖËÎ�ØnßUß¿Ù|×UÍ�Ó��YÍ�Ó°�!Í ��ÊyÍ�ÖûØËÓËÙ°ß¿çøÍ�ÊyßUÍ÷EÍ�Ý"�PÈÞàUÖ´Ì¿ØËÓËÙ°Í�Ó�ý°Í�×UßUà@ÖËÊyÍ�âËÍ�ÓnÍ�×>ì´Ê�Ù|ÓËÊ�nèÞÈ�Ó��¯��Ø Í�×¿íJÊ�Ì¿ÌUÍ�Î�Ó-Ð[ôåÊ�Ì1âËÍ�×1âËÍ�×B�YÍ�Ê�ÌE�ËÊyß�Û|ú|ú|õN��Ø Í�×¿çEÈ�×¿ÌUÍ�ÓaòâËÍ�ÓZ�[ØËíJÊ�ÓnÝ|ßUÊ�Ì���Ì&èÞÈ�ÓËÓ_È�ÎyßUÝ Í�Ê�Ó*Ù|×UÝ"y°Í�×&÷EÍ�×UÍ�ÊyàUÖ~âËÍ�×&ô�ÈÞßUß@Í�ÓU��ç�ÊyßUà@ÖnÍ�Ó Ï|ÏYÚ�á1Í�'ùØËÓnâ ÏYî|ú�á1Í�'ÈD�ËÙ°Í�âËÍ�à@è´Ì>ç8Í�×UâËÍ�Ó-Ðz��ÕË×¸Í�Ê�ÓnÍ�÷øÍ�Ý"�PÈÞà@ÖûÌ¿ØËÓËÙ�âËÍ�ß¸ñ Ê�Ù|Ù°ßóò¢÷EÝ|ßUÝÞÓnß¸íJÊ�Ì¸Í�Ê�ÓnÍ�×&ì´Ê�Ù|ÓËÊ�nè|È�Ó���ý°ÝÞÓdï
σ
Êyß¿ÌâËÍ�×v��ØËÙ<��ÓËÙ|Î�ÊyàUÖnÍ1ô ÈÞßUßUÍ�Ó<�!Í�×UÍ�ÊyàUÖI
¿Í�âËÝ´à@Ö³È�ØaÔWô ÈÞßUßUÍ�Ó�ØËÓûÌUÍ�×¿ÖPÈ�Î���ý°ÝÞÓ³Í�Ì¢çEÈ�ÏYÛ|Ú>á1Íx' Í�Ê�ÓËÙ°Í�ßUàUÖË×���ÓËèMÌYÐ
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ò��°Í�ÌUßJí�È�×¿èMÊyÍ�×¿ÌJç8Í�×UâËÍ�Ó_èlOÞÓËÓnÍ�Ó-Ðð�È�íJÊ�Ì8çøÍ�×UâËÍ�Ó�Ñ�×UÍ�Ê�Ù|ÓËÊyßUßUÍfíJÊ�Ì8ÎyÍ�Êyà@ÖûÌUÍ�ÓW�°Í�ÌUß�È�Ønß8âËÍ�í Ñ$ÓnßUÍ�íb�ËÎyÍ�È�Ønß¿Ù°Í�ßUàUÖËÎyÝ|ß@ßUÍ�Ó-Ð´ð¬ÊyÍ ÓûØËÓ�ý°Í�×B�ËÎyÍ�Ê�ò

�!Í�ÓnâËÍ�Ó3Ñ$×UÍ�Ê�Ù|ÓËÊyßUßUÍ ß¿Ê�Ónâ³ÖPÈ�ØËÉËÌUß��ÞàUÖËÎ�Êyà@Ö\ªfÓûÌUÍ�×¿Ù|×¿ØËÓnâ[Ð÷EÍ�ÊMâËÍ�íë��Ø>Í�×¿çEÈ�×¿ÌUÍ�ÓnâËÍ�Ó�ª Ó´ÌUÍ�×¿Ù|×¿ØËÓnâ>í ØnßUß���ç�ÊyßUà@ÖnÍ�Ó>ØËÓ´ÌUÍ�×UßUàUÖËÊyÍ�âaÎ�Êyà@ÖnÍ�Ó�Ü]S´É!Í�Ó¸ØËÓ´ÌUÍ�×UßUàUÖËÊyÍ�âËÍ�Óç8Í�×UâËÍ�ÓQPWÓ0��íJÎ�ÊyàUÖ�×UÍ�âaØ���Ê��ËÎyÍ�í�ªfÓûÌUÍ�×¿Ù|×¿ØËÓnâCØËÓnâ�Ê�×¿×UÍ�âaØ���Ê��ËÎyÍ�íëÐrð1Í�×�×UÍ�âaØ���Ê��ËÎyÍNª Ó´ÌUÍ�×¿Ù|×¿ØËÓnâ�ØËÓ´ÌUÍ�×óòßUà@ÖnÍ�ÊyâËÍ�Ì>ß¿Êyà@Ö�Ê�ÓdÍ�Ê�ÓËÊ�Ù°Í�Ó*Ñ$Ê�Ù°Í�ÓnßUà@ÖPÈ�ÔjÌUÍ�Ódý°ÝÞÓdâËÍ�íêÙ°Í�ß¿Ønà@ÖûÌUÍ�Ó ì´Ê�Ù|ÓPÈ�ÎxP�ç�Ê�×UâA
¿Í�âËÝMàUÖ*È�ØaÔjÙ|×¿ØËÓnâ�ý°ÝÞÓ
��Î�ØËè´Ì¿ØPÈ�Ì¿ÊyÝÞÓnÍ�Ó�Ê�í;ð1Í�ÌUÍ�è´ÌUÝÞ×8ý°ÝÞÓ�âËÍ�×�ð�È�ÌUÍ�ÓnßUÍ�ÎyÍ�èMÌ¿ÊyÝÞÓ�Í�×óÔ�ÈÞßUß¿ÌYÐ°ð¬ÊyÍ�ßUÍ�×�ª Ó´ÌUÍ�×¿Ù|×¿ØËÓnâ�è|È�ÓËÓ�âaØË×UàUÖ�ý°Í�×óò
�!Í�ßUßUÍ�×¿ÌUÍI� ÓPÈ�Î�SaßUÍ�í&Í�Ì¿ÖnÝMâËÍ�ÓåÓnÝÞ×¿í�È�ÎyÍ�×¿çøÍ�ÊyßUÍ&ß¿Ì@È�×¿èë×UÍ�âaØ���ÊyÍ�×¿Ì�ÝMâËÍ�×fÙûÈ�Ó��7ØËÓ´ÌUÍ�×Uâa×¿ÕnàUèMÌ�ç8Í�×UâËÍ�Ó-Ð7��ÕË×âaÊyÍ�ßUÍr�fÓPÈ�Î�SMßUÍ$�!Í�ß¿ÌUÍ�ÖûÌQÍ�×w��ØËíüÍ�Ê�ÓnÍ�Ó3È�Ønß�Ñ�×UÍ�Ê�Ù|ÓËÊyßUßUÍ�ÓQPaÊ�ÓëâËÍ�ÓnÍ�ÓëÍ�Ê�ÓA�°Í�Ì È�Îyß�Ñ$ÎyÍ�èMÌ¿×UÝÞÓ³Ô�Í�ÖËÎ�ÊyâËÍ�ÓËÌ¿Ê�Ëò
��ÊyÍ�×¿Ì¬ç�ØË×UâËÍ¸ØËÓnâ�âËÍ�×r� Í�ß¿Ì1âËÍ�ßfÑ�×UÍ�Ê�Ù|ÓËÊyßUßUÍ�ß�âaÊyÍJìMÍ�ÎyÍ�è´Ì¿ÊyÝÞÓnß¿èM×¿Ê�ÌUÍ�×¿ÊyÍ�Ó�Í�×óÔjÕËÎ�Î�ÌYÐQ#NØËí È�ÓnâËÍ�×UÍ�Ó�ß¿ÉËÊyÍ�ÎyÍ�ÓÈ�ÓnâËÍ�×UÍY!$×UÝ"�YÍ�ßUßUÍ³Í�Ê�ÓnÍY� ÝÞÎ�ÎyÍpPrÊ�ÓnßB�hÍ�ß@ÝÞÓnâËÍ�×UÍ�âaÊyÍX!$×UÝMâaØËè´Ì¿ÊyÝÞÓ ý°ÝÞÓ
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ò�!�È|È�×UÍ�ÓQP$âËÍ�×UÍ�Ó�!$×UÝMâaØËè´Ì¿ÊyÝÞÓnß¿òç�Ê�×¿èMØËÓËÙ°ß&%ûØnÍ�×Uß@àUÖËÓËÊ�Ì¿Ì�Í�Ì¢çEÈ³þ&É��\�hÍ�Ì¿×���Ù|ÌYÐ!ÜrÝÞÉaò�éfØPÈ�×¿èMßE�YÍ�×óÔ�È�Î�ÎyÍ�Ó�ÉË×@È�è´Ì¿ÊyßUà@Ö�È�ØnßUßUàUÖËÎ�ÊyÍ y|Î�Êyà@Ö�Ê�Ó�æ
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Ðæ�Í�ÓËÓëÍ�Ê�ÓnÍ�ßQâËÍ�×�æ~ò¢÷EÝ|ßUÝÞÓnÍ�Ó�Ê�Ó�Í�Ê�ÓëÑ$ÎyÍ�è´Ì¿×UÝÞÓ��YÍ�×óÔ���Î�Î�Ì�ØËÓnâX�!Í�ÊyâËÍ

b
ò�éfØPÈ�×¿èaßQÈ�ÎyßQßUÝÞÎyà@ÖnÍ1ÊyâËÍ�ÓûÌ¿Ê�?��ÊyÍ�×¿Ìç8Í�×UâËÍ�ÓQP�è|È�ÓËÓdÍ�Ê�Ódß@ÝÞÎyàUÖnÍ�ßJÑ$×UÍ�Ê�Ù|ÓËÊyß7ý°ÝÞÓ*âËÍ�×¯� ÓPÈ�Î�SaßUÍ³È�èT�YÍ�ÉËÌ¿ÊyÍ�×¿Ì7çøÍ�×UâËÍ�Ó-Ða�¢ÓnßB�!Í�ßUÝÞÓnâËÍ�×UÍ�Êyß¿ÌJâaÊyÍ�ßâËÍ�×E�PÈ�Î�ÎxP!ç8Í�ÓËÓ�ânÈÞß éfØPÈ�×¿èûò�!�È|È�× ÝMâËÍ�×1ânÈÞßE�WÍ�ÉËÌUÝÞÓ�È�Ønß�âËÍ�íÛ��ç8Í�Ê�ÌUÍ�Ó�æ~ò�#hÍ�×óÔ�È�Î�Î$ÓËÊyà@ÖûÌ ÝMâËÍ�×1ÓËÊyàUÖ´Ìý°ÝÞÎ�Îyß¿Ì���ÓnâaÊ�Ù¸ÓPÈÞàUÖËÙ°Í�ç�ÊyÍ�ßUÍ�Ó³ç�Ê�×Uâ[Ð<�fØnß]��ÖËÓËÎ�Êyà@ÖnÍfæ�Í�Êyß@Í�èÞÈ�ÓËÓ�âaÊyÍ�!$×UÝMâaØËè´Ì¿ÊyÝÞÓ³Í�Ê�Ó��YÍ�Î�ÓnÍ�×8ÜrÝÞÉaò�éfØPÈ�×¿èMß

��ØËí«ªfÓûÌUÍ�×¿Ù|×¿ØËÓnâ��hÍ�Ê�Ì¿×@È�Ù°Í�Ó-Ðð1Í�×�Ê�×¿×UÍ�âaØ���Ê��ËÎyÍÎª Ó´ÌUÍ�×¿Ù|×¿ØËÓnâ_�hÍ�ß¿ÌUÍ�Ö´Ì�È�ØnßY!$×UÝ"�YÍ�ßUßUÍ�ÓQPøâaÊyÍ3âËÍ�ÓÿßUÍ�Î��!Í�Ó~Ñ$Ónâ���ØnßUÌ@È�Ónâ ç�ÊyÍ�ânÈÞßÙ°Í�ß¿Ønà@ÖûÌUÍ�ì´Ê�Ù|ÓPÈ�Î¬Í�×B�YÍ�ØËÙ°Í�Ó-Ðv�¢ÓlâaÊyÍ�ßUÍ�í �NÈ�Î�ÎfÊyß¿Ì�âaÊyÍ�ß�ý°ÝÞ×�È�Î�ÎyÍ�í âaÊyÍm!$×UÝ´âaØËèMÌ¿ÊyÝÞÓÿÍ�Ê�ÓnÍ�ß
bb
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bb→eνebb ≈ 3
É��7d�Ð�ð�ÈÞß�ì´É!Í�è´Ì¿×¿ØËí âËÍ�×JÊ�Ó´ýÞÈ�×¿Ê\È�Ó´ÌUÍ�Ó ô�ÈÞß@ßUÍâËÍ�×
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ò�éfØPÈ�×¿èMßøÔx��Î�Î�Ìw��çøÈ�×QíJÊ�ÌQâËÍ�×Qô ÈÞßUßUÍ1Í��aÉhÝÞÓnÍ�Ó´Ì¿ÊyÍ�Î�ÎrÈD�QPaÌ¿×���Ù|Ìz
¿Í�âËÝ´à@Ö�Ê�íü÷øÍ�×UÍ�Êyà@ÖëÕ��!Í�×1ÏYú|ú&á�Íx'ÓnÝMàUÖ�ßUÊ�Ù|ÓËÊ�nèÞÈ�Ó´Ìv�!Í�ÊPØËÓnâ�Õ��hÍ�×¿Î\È�ÉËÉËÌ�ßUÝÞíJÊ�Ì8íJÊ�ÌøâËÍ�í Ù°Í�ß¿ØnàUÖ´ÌUÍ�Óåì´Ê�Ù|ÓPÈ�Î!È�ØnßøâËÍ�×8ñfÊ�Ù|Ù°ßóò�!$×UÝMâaØËèMÌ¿ÊyÝÞÓ-Ð÷EÍ�ßUÝÞÓnâËÍ�×UßfÉË×UÝ"�ËÎyÍ�í�È�Ì¿ÊyßUàUÖ�Êyß¿Ì¬ânÈD�hÍ�ÊxPhânÈÞßUß¬âËÍ�× ælÊ�×¿è´ØËÓËÙ°ß�%ûØnÍ�×UßUà@ÖËÓËÊ�Ì¿Ì�âËÍ�ß1ì´Ê�Ù|ÓPÈ�Îyß1Í�Ì¢çEÈN��ç8Í�Ê�á¬×&O�ò

y°Í�ÓnÝÞ×UâaÓûØËÓËÙ°Í�Ó�ØËÓûÌUÍ�×�âËÍ�í âËÍ�ßaªfÓûÌUÍ�×¿Ù|×¿ØËÓnâËß�Î�ÊyÍ�Ù|ÌYÐ|ð1È�ÖnÍ�×$ÊyßUÌ�Í�ß�Ó?OÞÌ¿Ê�Ù?P°âaÊyÍøÎyÍ�ÌB��ÌUÍ�ÓnâaÎ�Êyà@Ö�ßUÍ�ÎyÍ�èMÌ¿ÊyÍ�×¿ÌUÍ�Óð�È�ÌUÍ�ÓJíJÊ�Ì$ÎyÍ�Êyß¿Ì¿ØËÓËÙ°ßóÔx��ÖËÊ�Ù°Í�Ó�ß¿Ì@È�Ì¿Êyß¿Ì¿Êyß@àUÖnÍ�Ó�ô�Í�Ì¿ÖnÝ´âËÍ�Ó¯��ØJØËÓ´ÌUÍ�×Uß¿ØnàUÖnÍ�ÓQPûØËí ÔjÕË×�ânÈÞß�Ù°Í�ßUØnàUÖûÌUÍ1ì´Ê�Ù|ÓPÈ�ÎÍ�Ê�ÓnÍ�Ó7æ~Ê�×¿èMØËÓËÙ°ß&%´ØnÍ�×UßUàUÖËÓËÊ�Ì¿Ì$ÝMâËÍ�×�Í�Ê�ÓnÍQá¬×UÍ�Ó��YÍEânÈ�×@È�ØaÔ0��Ø°�!Í�×UÍ�àUÖËÓnÍ�Ó-Ð"�fÓPÈ�ÎyÝÞÙ$��ØË×�æ
bb
ò�!$×UÝMâaØËè´Ì¿ÊyÝÞÓÌ¿×���Ù|ÌøÈ�Ønà@Ö�âaÊyÍ æ
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ò�!$×UÝ´âaØËèMÌ¿ÊyÝÞÓY��ØËí ªfÓûÌUÍ�×¿Ù|×¿ØËÓnâN�hÍ�ÊxP°ânÈ

c
ò�éfØPÈ�×¿èaß�Í�Ê�ÓnÍ ÓËÊyàUÖ´Ì8ý°Í�×¿ÓPÈÞà@ÖËÎ>�ÞßUß¿Ê�Ùp�PÈ�×UÍæCÈ�ÖË×UßUà@ÖnÍ�Ê�ÓËÎ�ÊyàUÖËè°Í�Ê�Ì&ÖPÈD�!Í�ÓQPrÍ�Ê�ÓnÍ�ÓdÉ!Ý|ß¿Ê�Ì¿Ê�ý°Í�Ó

b
ò¢Ü�È�Ù\��ØdÍ�×B�YÍ�ØËÙ°Í�Ó-ÐF#NØËí�ªfÓûÌUÍ�×¿Ù|×¿ØËÓnâdÌ¿×@È�Ù°Í�Ó*È�ØnàUÖÓnÝMàUÖCâaÊyÍ&ð¬Ê�ò¢÷EÝ|ßUÝÞÓ|!�×UÝ´âaØËèMÌ¿ÊyÝÞÓnß¿ÉË×UÝ"�YÍ�ßUßUÍ�æu# → eνe bb

ØËÓnâ�ælæ → eνe bc
�hÍ�ÊxPWânÈ�âaØË×UàUÖ âaÊyÍÍ�ÓnâaÎ�ÊyàUÖnÍ¯�fØ�ð0O|ß¿ØËÓËÙ�âËÍ�×�Ê�Óûý|È�×¿Ê\È�ÓûÌUÍ�ÓU�°Í�Ìóò¢ô�ÈÞß@ßUÍ�Ó�È�ØnàUÖ�ß¿ÊyÍ¸ÓËÊyàUÖ´Ì�Ù|ØËÌ1ý°ÝÞí#ñfÊ�Ù|Ù°ßóò�ì´Ê�Ù|ÓPÈ�Î$Ù°Í�Ì¿×UÍ�ÓËÓ´Ìç8Í�×UâËÍ�ÓåèlOÞÓËÓnÍ�Ó-Ð
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��ÓëâËÍ�Ó�Ô§ÝÞÎ�Ù°Í�ÓnâËÍ�Óm�e�nßUà@ÖËÓËÊ�Ì¿ÌUÍ�Óëç�Ê�×UâëâËÍ�×Q÷EÍ�ßUà@ÖËÎyÍ�ØËÓËÊ�Ù°Í�×¿è°ÝÞíJÉËÎyÍ���È�í��z�	�$�R�!Í�ßUàUÖË×¿ÊyÍ �!Í�ÓQPËíJÊ�ÌâËÍ�í !$×UÝÞÌUÝÞÓnÍ�Ó�ØËÓnâ¯� Ó´Ì¿Ê�ÉË×UÝÞÌUÝÞÓnÍ�Ó�È�ØaÔ[Í�Ê�ÓnÍQÑ$ÓnÍ�×¿Ù|ÊyÍ�ý°ÝÞÓr
¿Í�ç8Í�Ê�Îyßøõ|î|ú�á1Íx'_�!Í�ßUàUÖËÎyÍ�ØËÓËÊ�Ù|Ì�ØËÓnâ��hÍ�ÊnÍ�Ê�òÓnÍ�×8ìMà@Öûç8Í�×¿ÉËØËÓËèMÌUßUÍ�ÓnÍ�×¿Ù|ÊyÍ¬ý°ÝÞÓ √
s =

Ï|Ð�õ|þ1ÜWÍx'_��ØË×�ÇfÝÞÎ�Î�Êyß¿ÊyÝÞÓ&Ù°Í �Ë×@ÈÞàUÖ´Ì�çøÍ�×UâËÍ�Ó-Ð ~��fí ÜWÍ�ý|È�Ì¿×UÝÞÓ&Ù|Ê��ËÌÍ�ßa��çøÍ�ÊNâaÊyÍ�ßUÍ�×�æ�Í�àUÖnßUÍ�Î�ç�Ê�×¿èMØËÓËÙ°ß¿ÉËØËÓËèMÌUÍpPaÈ�Ó�âËÍ�ÓnÍ�Ó�ß¿Êyà@ÖE
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�eþÇö��+�nÊ�Ó�âËÍ�í Ê�Ó�#NØËèMØËÓaÔjÌEÍ�×¿ÖnÍ �ËÎ�ÊyàUÖ�Ù|×&O"y°Í�×UÍ�ô�Í�ÓËÙ°Í�Ó�ý°ÝÞÓW�fÓûÌ¿Ê�ÉË×UÝÞÌUÝÞÓnÍ�ÓëÙ°Í�ßUÉhÍ�Êyà@ÖnÍ�×¿ÌøçøÍ�×UâËÍ�Ó�èlOÞÓaòÓnÍ�Ó-ÐfìMÝÞíJÊ�Ìëç�Ê�×Uâ Í�ß�í�OÞÙ|Î�ÊyàUÖQPfâaÊyÍË!$×UÝMâaØËè´Ì¿ÊyÝÞÓ ý°ÝÞÓÞ� Ó´Ì¿Ê�ÉË×UÝÞÌUÝÞÓnÍ�Ó ânÈ�ØnÍ�×¿ÖPÈ�Ô§ÌëØËÓûÌUÍ�×�ÝÞÉËÌ¿Ê�í�È�ÎyÍ�Ó÷EÍ�âaÊ�ÓËÙ|ØËÓËÙ°Í�Ó���ØW�!Í�Ì¿×UÍ�Ê��hÍ�Ó3ØËÓnâëßUÝJâaÊyÍ��[ØËíJÊ�ÓnÝ|ßUÊ�Ì���Ì¬ÈD�ëâËÍ�í«�ûÈ�ÖË×¬Û|ú|ú|Ú7ç8Í�Ê�ÌUÍ�×	��ØëÍ�×¿Ö?OÞÖnÍ�Ó-Ð
!$×UÝÞÌUÝÞÓnÍ�ÓëØËÓnâW�fÓûÌ¿Ê�ÉË×UÝÞÌUÝÞÓnÍ�Óåç8Í�×UâËÍ�Ó3ßUà@ÖËÎ�ÊyÍ y|Î�ÊyàUÖëÊ�ÓëâËÍ�ÓëÜrÍ�ýÞÈ�Ì¿×UÝÞÓm�QÊ�ÓËÙJÍ�Ê�ÓËÙ°Í�ß¿É!Í�Êyß¿Ì�ØËÓnâ�âËÝÞ×¿ÌÈ�ØaÔWõ|î|ú á1Í�'u�hÍ�ßUà@ÖËÎyÍ�ØËÓËÊ�Ù|ÌYÐûð�ÈÞß�ÜrÍ�ýÞÈ�Ì¿×UÝÞÓ�Êyß¿Ì�Í�Ê�Ó³ìTS´Ónà@ÖË×UÝÞÌ¿×UÝÞÓ�íJÊ�ÌøÍ�Ê�ÓnÍ�í ªfí7Ô�È�ÓËÙ�ý°ÝÞÓ³þaÐ�ï1èMíAP|Ê�Ó
Ø shA?� �����@�y�n¦����/�������|¤��� � 't��shA�7�o � �V����{����p�y0i�i�t���D�D����� � �F�p�i�-=.�i�����+'t�y);�D��$����x��sq�i�/.�� � �+0T4u�é�3vp����CD�;�9z$��4K�3.B�7�y'�'t�i�< 



( £ Ø £ Ú76T8mÚX�4ç,Ú76T206��72.Ù78 ~ ê

	 tNthZÇÒ´kW]-TWub�}Ô,Ó.Ôw�[ØaÔ§Ì@È�ØaÔjÓPÈ�ÖËí&Í>âËÍ�ß¬÷øÍ�ß@àUÖËÎyÍ�ØËÓËÊ�Ù°Í�×¿è°ÝÞíJÉËÎyÍ��ËÍ�ß�È�í©�z�	�$� cihj���k�P÷øÊ�Îyâëú|ï�ò�ú|ï|õ|ú�ò�ÛaÏ�ð�d�Ð
âËÍ�í âaÊyÍ¬ÜWÍ�Ê�ÎyàUÖnÍ�ÓnßUÌ¿×@È�ÖËÎyÍ�Ó3ý°ÝÞÓ³ß¿ØËÉË×@È�ÎyÍ�Ê�ÌUÍ�ÓnâËÍ�Óëð¬Ê�ÉhÝÞÎ�ò$ØËÓnâ�éfØPÈÞâa×¿ØËÉhÝÞÎ�ò¢ô È�Ù|ÓnÍ�ÌUÍ�ÓëíJÊ�Ì�Í�Ê�ÓnÍ�í ô�È�òÙ|ÓnÍ�ÌóÔ�Í�Îyâ�ý°ÝÞÓY�ËÊyßv��Ø�önÐ�Û¸ÜWÍ�ß¿Î\È7È�ØaÔ-Ê�ÖË×UÍ�×E÷�È�ÖËÓ�Ù°Í�ÖPÈ�Î�ÌUÍ�Ó³ç8Í�×UâËÍ�Ó-ÐnìMÍ�Ê�ÌE÷EÍ�Ù|Ê�ÓËÓ³âËÍ�ßv�QØËÓX�&��Ê�í ô\��×B�Û|ú|úaÏfç8Í�×UâËÍ�Ó�Ê�í ÜrÍ�ýÞÈ�Ì¿×UÝÞÓI
¿Í�ç8Í�Ê�ÎyßEï|þ�!�È�è°Í�ÌUÍfý°ÝÞÓY!$×UÝÞÌUÝÞÓnÍ�ÓX����ç�ÐT�fÓûÌ¿Ê�ÉË×UÝÞÌUÝÞÓnÍ�ÓX�!Í�ßUàUÖËÎyÍ�ØËÓËÊ�Ù|ÌVPMâaÊyÍÍ�Ê�ÓnÍ�ÓÎ�e�nßUÌ@È�Ónâëý°ÝÞÓ�
¿Í�ç8Í�Ê�Îyß�ï|õ|þ&Ónß ÖPÈD�!Í�Ó-Ð0�fÓ���çøÍ�Ê�!$ØËÓËèMÌUÍ�Ó�ç8Í�×UâËÍ�Ó�âaÊyÍ>ì´Ì¿×@È�ÖËÎyÍ�Ó\��ØË×fÇfÝÞÎ�Î�Êyß¿ÊyÝÞÓÙ°Í �Ë×@ÈÞà@ÖûÌøØËÓnâ�ßUÝ�Ñ�×UÍ�Ê�Ù|ÓËÊyßUßUÍQÊ�Ó�âËÍ�Ó�ð1Í�ÌUÍ�è´ÌUÝÞ×UÍ�Ó³âËÍ�×F�!Í�ÊyâËÍ�Ó�Ñz�aÉ!Í�×¿Ê�í&Í�ÓûÌUÍ�ÓA�øð$� ØËÓnâ�ð � Í�×B�YÍ�ØËÙ|ÌYÐÑ$Ê�ÓËÊ�Ù°Í7âËÍ�×¬ç�ÊyàUÖ´Ì¿Ê�Ù°ß¿ÌUÍ�Ó�÷EÍ�Ì¿×¿ÊyÍ �nß¿ÉPÈ�×@È�í&Í�ÌUÍ�×�âËÍ�ß¬ÜrÍ�ýÞÈ�Ì¿×UÝÞÓ�ß¿Ê�Ónâ3Ê�Ó�Ü�ÈD�hÍ�Î�ÎyÍJïaÐ�Ïb��Ønß@È�íJí&Í�ÓËÙ°Í�Ô�ÈÞßUß¿ÌYÐð¬ÊyÍJÊ�Ónß¿Ì@È�Ó´Ì@È�ÓnÍC�[ØËíJÊ�ÓnÝ|ßUÊ�Ì���Ì¸Êyß¿Ì�Í�Ê�Ó�ô�ÈDy�Ô§ÕË× âaÊyÍJæ�Í�à@ÖnßUÍ�Î�ç�Ê�×¿èMØËÓËÙ°ß¿×@È�ÌUÍpPrâaÊyÍ�Ê�ÓûÌUÍ�Ù|×¿ÊyÍ�×¿ÌUÍ�Ó¨�[ØËíJÊ�òÓnÝ|ß¿Ê�Ì���ÌUÍ�Ó�ßUÊ�ÓnâåÉË×UÝÞÉ!ÝÞ×¿Ì¿ÊyÝÞÓPÈ�Îa��Ø�âËÍ�×1Ù°Í�ß@È�í ÌUÍ�Ó�Ñ$×UÍ�Ê�Ù|ÓËÊyßB��È�ÖËÎ�Ð[ð¬ÊyÍ7Ê�Ónß¿Ì@È�ÓûÌ@È�ÓnÍ¯�-ØËíJÊ�ÓnÝ|ß¿Ê�Ì���Ì�Ö0��ÓËÙ|ÌâaÊ�×UÍ�èMÌ�ý°ÝÞÓ3âËÍ�×	#!È�ÖËÎWâËÍ�×�Ù°Í�ß¿É!Í�ÊyàUÖnÍ�×¿ÌUÍ�Ó\!$×UÝÞÌUÝÞÓnÍ�Ó3ØËÓnâW�fÓûÌ¿Ê�ÉË×UÝÞÌUÝÞÓnÍ�Ó�ÈD�QPaç8Ý"�!Í�ÊWâËÍ�×w�!Í�Ù|×UÍ�Ó��YÍ�ÓnâËÍ
�PÈ�èMÌUÝÞ×�ÎyÍ�ÌB��ÌUÍ�×UÍfß¿Ê�Ónâ[Ðl�fØnàUÖ�âaÊyÍ¬ì´Ì¿×@È�ÖËÎ�Ô§ÝÞèMØnßUß¿ÊyÍ�×¿ØËÓËÙ¸Êyß¿Ì$ý°ÝÞÓ�Ù|×UÝ"y°Í�×�÷EÍ�âËÍ�ØËÌ¿ØËÓËÙnÐËì´ÊyÍ�ç�Ê�×Uâ&âaØË×Uà@Ö�âaÊyÍÑ$íJÊ�Ì¿Ì@È�Ó��>âËÍ�ßfì´Ì¿×@È�ÖËÎyßQÙ°Í�í&Í�ß@ßUÍ�ÓQPËç8Ý"�!Í�Ê-èMÎyÍ�Ê�ÓnÍ�Ñ$íJÊ�Ì¿Ì@È�Ó��YÍ�Óm��Ø�Ù|×&O"y°Í�×UÍ�Óm�[ØËíJÊ�ÓnÝ|ß¿Ê�Ì���ÌUÍ�Ó3ÔjÕËÖË×UÍ�Ó-Ð

�	���ËÊ�ÎyâaØËÓËÙCïaÐ�ÏN�YÍ�Ê�Ù|ÌJÍ�Ê�ÓnÍ³ßUà@ÖnÍ�í�È�Ì¿ÊyßUàUÖnÍ�ð�È�×Uß¿ÌUÍ�Î�Î�ØËÓËÙ�âËÍ�×>ý°Í�×UßUàUÖËÊyÍ�âËÍ�ÓnÍ�Ó~÷øÍ�ß@àUÖËÎyÍ�ØËÓËÊ�Ù°Í�×JØËÓnââËÍ�×¬ÜWÍ�Ê�ÎyàUÖnÍ�Ó�ðnÕnß@ßUÍ7ânÈ�×¿Ê�ÓQPNßUÝ�ç�ÊyÍ âaÊyÍb�WÈ�Ù°Í¸âËÍ�×¬ð1Í�ÌUÍ�è´ÌUÝÞ×UÍ�Ó-ÐhÑ$Ê�ÓnÍI�[ØaÔjÌ@È�ØaÔ§ÓPÈ�ÖËí&Í>âËÍ�ß1á1Í�Î>��ÓnâËÍ�ßfÊyß¿ÌÊ�Ó°�e���ËÊ�ÎyâaØËÓËÙ�ïaÐ�Û Ù°Í �YÍ�Ê�Ù|ÌYÐ�ô È�Ó7Í�×¿è°Í�ÓËÓûÌ�ÓnÍ �hÍ�Ó7âËÍ�ÓI�hÍ�ÊyâËÍ�Ó>Ù|×UÝ"y°Í�Ó¯�QÊ�ÓËÙ°Í�Ó>È�Ønà@ÖJâaÊyÍEì´Ì¿×@È�ÖËÎ�Ô§ÕËÖË×¿ØËÓËÙÔ§ÕË×QâaÊyÍ���Ê�aÍ�â�Ü�È�×¿Ù°Í�ÌfÑz�aÉ!Í�×¿Ê�í&Í�ÓûÌUÍpPPß@ÝYç�ÊyÍ�âËÍ�Ó3ð � ò�ØËÓnâëâËÍ�ÓÎ�øð$�rò¢ð1Í�ÌUÍ�èMÌUÝÞ×YÐð�ÈÞß1ÜWÍ�ý|È�Ì¿×UÝÞÓ�ÖPÈ�Ì	�ËÊyßr�fØËÙ|Ønß¿Ì1Û|ú|ú�ö�Í�Ê�ÓnÍ>í�È;�aÊ�í�È�ÎyÍI�-ØËíJÊ�ÓnÝ|ß¿Ê�Ì���Ì�ý°ÝÞÓ L = 8 · 1031 à�í −2 ß −1Í�×¿×UÍ�Êyà@ÖûÌ1ØËÓnâëÊ�í¶�QØËÓm����Ê�Ónß¿Ù°Í�ßRÈ�í Ì1Í�Ê�ÓnÍ�Ê�ÓûÌUÍ�Ù|×¿ÊyÍ�×¿ÌUÍ°�[ØËíJÊ�ÓnÝ|ßUÊ�Ì���Ì¬ý°ÝÞÓ Lint ≈ 660
É�� −1 È�èMèMØËí ØaòÎ�ÊyÍ�×¿ÌYÐQ�	���ËÊ�ÎyâaØËÓËÙ�ïaÐ�ïW�YÍ�Ê�Ù|Ì âaÊyÍ&Ñ$Ó´Ì¢ç�ÊyàUèMÎ�ØËÓËÙ�ý°ÝÞÓ�Ê�Ónß¿Ì@È�ÓûÌ@È�ÓnÍ�×>ØËÓnâ�Ê�Ó´ÌUÍ�Ù|×¿ÊyÍ�×¿ÌUÍ�×I�[ØËíJÊ�ÓnÝ|ßUÊ�Ì���Ì¸ßUÍ�Ê�Ì÷EÍ�Ù|Ê�ÓËÓ3âËÍ�ß�� ØËÓA�&��Ð

s}¸>n}¸�ìWº<ÈCì��Cî�ìWºláVº<É7áVã4È
ð1Í�×�ð � ò¢ð1Í�ÌUÍ�èMÌUÝÞ× È�í ÜWÍ�ý|È�Ì¿×UÝÞÓ�Êyß¿Ì1È�ÎyßE�fÎ�Î���ç8Í�à@èMâËÍ�ÌUÍ�èMÌUÝÞ×�è°ÝÞÓ���Ê�ÉËÊyÍ�×¿Ì�çøÝÞ×UâËÍ�ÓZhj�n9k�PhíJÊ�Ì�âËÍ�íß¿Êyà@Ö�ÉË×@È�èMÌ¿ÊyßUàUÖ�È�Î�ÎyÍ7ÉËÖTSMßUÊ�èÞÈ�Î�ÊyßUà@ÖCÊ�Ó´ÌUÍ�×UÍ�ßUß@È�ÓûÌUÍ�Ó±!$×UÝ"�YÍ�ßUßUÍ&Ê�Ó�ñ¬ÈÞâa×UÝÞÓËè°ÝÞÎ�Î�Êyß¿ÊyÝÞÓnÍ�ÓU�hÍ�Ê�Ñ�ÓnÍ�×¿Ù|ÊyÍ�Ó�âËÍ�ßÜrÍ�ýÞÈ�Ì¿×UÝÞÓË�!Í�Ý"�PÈÞàUÖ´ÌUÍ�ÓCÎ\ÈÞßUß@Í�Ó-Ðhð¬ÊyÍJÍ�Ê�Ó��YÍ�Î�ÓnÍ�ÓCÇfÝÞíJÉhÝÞÓnÍ�Ó´ÌUÍ�Ó�ß¿Ê�Ónâ�ß@àUÖPÈ�ÎyÍ�ÓPÈ�×¿Ì¿Ê�ÙëØËíäâËÍ�Ó�æ�Í�à@ÖnßUÍ�Î�òç�Ê�×¿èMØËÓËÙ°ß¿ÉËØËÓËèMÌ�Ê�í�#hÍ�ÓûÌ¿×¿ØËí âËÍ�ß�ð1Í�ÌUÍ�è´ÌUÝÞ×Uß¸È�ÓËÙ°Í �Ë×@ÈÞàUÖûÌ>ØËÓnâ�âËÍ�à@è°Í�Ó�Ô�ÈÞß¿Ì�âËÍ�Ó�Ù°Í�ß@È�í ÌUÍ�Ó±�fÈ�ØËí7òç�Ê�ÓËè°Í�Î��!Í�×UÍ�ÊyàUÖ�ý°ÝÞÓ�ö

π
ÈD�QP´ßUÝ�ânÈÞßUß�âaÊyÍ í&Í�Êyß¿ÌUÍ�Ó�ÜrÍ�Ê�ÎyàUÖnÍ�ÓëÈ�Ønß�Í�Ê�ÓnÍ�×8ÖPÈ�×¿ÌUÍ�Ó�æ�Í�àUÖnß@Í�Î�ç�Ê�×¿è´ØËÓËÙWc�È�Ø�y°Í�×



Ø � ( £ 206<5l/<208?Ù7+\¦.+4ÚÎÚ76T8\Ú6�4ç,Ú.6T206��724Ù78

	 ththZÇÒ´kW]-T-u`�}ÔD�}Ô Ñ$ÓûÌ�ç�ÊyàUèMÎ�ØËÓËÙ âËÍ�×&Ê�ÓnßUÌ@È�ÓûÌ@È�ÓnÍ�Ó ØËÓnâdÊ�Ó´ÌUÍ�Ù|×¿ÊyÍ�×¿ÌUÍ�Ó_�-ØËíJÊ�ÓnÝ|ß¿Ê�Ì���ÌâËÍ�ßQÜWÍ�ý|È�Ì¿×UÝÞÓëÊ�í«� ØËÓA�&�ehj4jlk¢Ð
�¬Í�ØËÌ¿×¿Ê�ÓnÝ|ßéd>Ê�í ð1Í�ÌUÍ�èMÌUÝÞ×�ÓPÈÞàUÖËÙ°Í�ç�ÊyÍ�ß@Í�Ó~çøÍ�×UâËÍ�Ó èlOÞÓËÓnÍ�Ó-Ð]�	���ËÊ�ÎyâaØËÓËÙ ïaÐ öCÊ�Î�Î�Ønß¿Ì¿×¿ÊyÍ�×¿Ì�âËÍ�Ó ð1Í�ÌUÍ�è´òÌUÝÞ×@È�ØaÔ��PÈ�ØëØËÓnâëâaÊyÍ1ç�ÊyàUÖ´Ì¿Ê�Ù°ß¿ÌUÍ�Ó Ç ÝÞíJÉ!ÝÞÓnÍ�ÓûÌUÍ�Ó-Ðð�ÈÞßN�!Í�Ê1ð � ý°Í�×¿ç8Í�ÓnâËÍ�ÌUÍ�ÇfÝ´ÝÞ×UâaÊ�ÓPÈ�ÌUÍ�Ónß&SMß¿ÌUÍ�íIÖPÈ�Ì³ßUÍ�Ê�ÓnÍ�Óuªf×Uß¿ÉË×¿ØËÓËÙ�Ê�í æ�Í�à@ÖnßUÍ�Î�ç�Ê�×¿è´ØËÓËÙ°ß¿òÉËØËÓËèMÌYÐ�ð¬ÊyÍA#Pò���àUÖnß@ÍX�YÍ�Ê�Ù|Ì>Ê�Ó�� ÊyàUÖûÌ¿ØËÓËÙ�âËÍ�ß¯!$×UÝÞÌUÝÞÓnÍ�Ónß¿Ì¿×@È�ÖËÎyßVP$âaÊyÍ8
¬ò���àUÖnßUÍ�ÓPÈÞà@Ö_Ý"�hÍ�ÓdØËÓnâdâaÊyÍ
�fò���àUÖnßUÍ°��ØËíÒôåÊ�Ì¿ÌUÍ�Î�ÉËØËÓËèMÌ�âËÍ�ß�÷EÍ�ßUàUÖËÎyÍ�ØËÓËÊ�Ù°Í�×¿×¿Ê�ÓËÙ°ßYÐ��fÍ �!Í�Ó�âËÍ�íÒÇ�È�×¿ÌUÍ�ß¿Êyß@àUÖnÍ�ÓCÇfÝ|ÝÞ×UâaÊ�ÓPÈ�ÌUÍ�ÓnßBSMß¿òÌUÍ�í ç�Ê�×UâJÝ�Ô§Ì�È�ØnàUÖ�Í�Ê�Ó�!�ÝÞÎ\È�×¿è°Ý´ÝÞ×UâaÊ�ÓPÈ�ÌUÍ�Ónß&SMß¿ÌUÍ�í ý°Í�×¿ç8Í�ÓnâËÍ�ÌVP´ânÈÞßF�e��Ê�í¸ØËÌ¢ç�Ê�ÓËè°Í�ÎxP9!rÝÞÎ\È�×¿ç�Ê�ÓËè°Í�ÎxPûØËÓnâ
�fÈÞâaÊ�Ønß8ý°Í�×¿ç8Í�ÓnâËÍ�ÌIc

θ, φ,
×éd�ÐËì´Ì@È�Ì¿Ì�âËÍ�ßv�	��Ê�í ØËÌ�ç�Ê�ÓËè°Í�Îyß�ç�Ê�×Uâ�Ê�í;Ô�ÝÞÎ�Ù°Í�ÓnâËÍ�ÓëÈ�ØnàUÖ�âaÊyÍr!�ßUÍ�ØnâËÝÞ×@È�ÉËÊyâaÊ�òÌ���Ì

η = − ln
(

tan θ
2

) ý°Í�×¿çøÍ�ÓnâËÍ�ÌYÐ
�¢Ó�âËÍ�Ó�Ó0�Þà@Önß¿ÌUÍ�ÓX�e�nßUà@ÖËÓËÊ�Ì¿ÌUÍ�Ó³ç8Í�×UâËÍ�Ó�âaÊyÍfÍ�Ê�Ó��YÍ�Î�ÓnÍ�Óëì´Ø��!âËÍ�ÌUÍ�è´ÌUÝÞ×UÍ�ÓëÈ�ØnßóÔ§ÕËÖË×¿Î�ÊyàUÖX�!Í�ßUàUÖË×¿ÊyÍ �!Í�Ó-Ð



( £ Ø £ Ú76T8mÚX�4ç,Ú76T206��72.Ù78 Ø ~
!�È�×@È�í&Í�ÌUÍ�× Ñ$Ê�ÓËÖnÍ�Ê�Ì ð¬Í�ßUÊ�Ù|Ó3Û|ú|ú�ö ôåÊ�Ì¿ÌUÍ�ÎrÛ|ú|ú�ö ÷EÍ�ß¿ÌUÍ�×fÛ|ú|ú�ö
��Ónß¿Ì@È�ÓûÌ@È�ÓnÍ{�[ØËíJÊ�ÓnÝ|ß¿Ê�Ì���ÌVP÷EÍ�Ù|Ê�ÓËÓ3âËÍ�ßfì´ÌUÝÞ×UÍ�ß 1030 à�í −2 ß −1 þaÏpP�õ Ú�ö?P�ï ÏYú|Û�P�î
∫

L âaÌ Ï ì´ÌUÝÞ×UÍ ÓT� −1 Û|ú|ú|ú ÛaÏ|ÏYþ öûÛ�önÏ
∫

L âaÌ Ï æ�Ý´à@ÖnÍ É�� −1 Ï|ÏpP�ï î�P�Ú ò
�q��ÓËÙ°Í�Í�Ê�ÓnÍ�ß¬ì´ÌUÝÞ×UÍ�ß ì´Ì¿ØËÓnâËÍ�Ó ÏYÚ�P�ú Û�ö?P�þ ï|Û�P ö
#hÍ�Ê�ÌEÊ�Óåì´ÌUÝÞ×UÍ1ÉË×UÝ>æ�Ý´à@ÖnÍ ì´Ì¿ØËÓnâËÍ�Ó î|Ú õ|õ ò
!$×UÝÞÌUÝÞÓnÍ�ÓåÉË×UÝ¯!�È�è°Í�Ì

109 Û|þ|ú Û|ï|þ Û�öûþ
�fÓûÌ¿Ê�ÉË×UÝÞÌUÝÞÓnÍ�Ó3ÉË×UÝC!�È�è°Í�Ì

109 ïaÏ Û°ã öûïÑ&F[Í�è´Ì¿Ê�ý°Í�Ñ�íJÊ�Ì¿Ì@È�Ó��
π
íJíùíJ×@ÈÞâ ÛaÏpP�ú Ï�ã9P�õ ÏYþ�P�õ

Ñ�qrthm?ÒTÒûm��}Ô�Õ�Ô ÜFSMÉËÊyßUàUÖnÍ�÷EÍ�Ì¿×¿ÊyÍ �nß¿ÉPÈ�×@È�í&Í�ÌUÍ�×1âËÍ�ßQÜrÍ�ýÞÈ�Ì¿×UÝÞÓåÊ�í«�QØËÓA�&��Ð

Kalorimeter

Vorwärts Mini−
Driftkammern

Innerer Detektor: SMT, CFT, 
Solenoid, Preshower

Abschirmung

Vorwärts SzintillatorZentraler Szintillator

Lage A, B, C

	 tNthZÇÒ´kW]-TWuJ�}Ô�EQÔfìMàUÖnÍ�í�È�Ì¿ÊyßUà@ÖnÍ7ìMà@ÖËÓËÊ�Ì¿ÌB�YÍ�ÊyàUÖËÓ´ØËÓËÙëâËÍ�ßQð � ò¢ð¬Í�ÌUÍ�èMÌUÝÞ×UßYÐ
s}¸>n}¸�j4¸Wä6��À�È;Â�ºláVºTÉ7áVã0ÈT¸¬ð¬Ê�×UÍ�èMÌ1ØËí#âËÍ�Ó æ�Í�à@ÖnßUÍ�Î�ç�Ê�×¿è´ØËÓËÙ°ßUÉËØËÓËè´ÌE�!Í��nÓnâËÍ�Ó�ß¿ÊyàUÖ�âaÊyÍ7Ç ÝÞíJÉ!Ý�òÓnÍ�Ó´ÌUÍ�ÓCâËÍ�ß ì´ÉËØË×UâËÍ�ÌUÍ�è´ÌUÝÞ×Uß�P[âËÍ�×�Ê�Ó Í�Ê�ÓnÍ�Ó�ßUØËÉË×@È�ÎyÍ�Ê�ÌUÍ�ÓnâËÍ�ÓdìMÝÞÎyÍ�ÓnÝÞÊyâaí�È�Ù|ÓnÍ�ÌUÍ�Ó�Í�Ê�ÓËÙ°Í �!Í�Ì¿ÌUÍ�Ì�Êyß¿ÌVP!âËÍ�×

�!Í�Ê[Í�Ê�ÓnÍ�í��¢ÓËÓnÍ�ÓË×@ÈÞâaÊ�Ønß�ý°ÝÞÓ3þ|ú>à�í ØËÓnâ�Í�Ê�ÓnÍ�×��q��ÓËÙ°Í1ý°ÝÞÓ3ÛaÐ ã íüÍ�Ê�Ó�ô È�Ù|ÓnÍ�ÌóÔ§Í�Îyâ³ý°ÝÞÓ3Û>Ü Í�×B�YÍ�ØËÙ|ÌYÐð¬Ê�×UÍ�è´ÌWØËí âaÊyÍ8ì´Ì¿×@È�ÖËÎ�×&OÞÖË×UÍ�Êyß¿Ì-Í�Ê�Ó7ì´Ê�Î�Ê���Ê�ØËí7ò�ì´Ì¿×UÍ�Ê�Ô§Í�Óaò¢ð1Í�ÌUÍ�èMÌUÝÞ×{c�ìMô�Ü[ fóéþ¡�Ýþ/�&õ"ö¯ü°þ/� ýBõDó�÷�ý�þtôC÷�ýBø���¢"ù ýpdÈ�ÓËÙ°Í �Ë×@ÈÞà@ÖûÌrhj9s�k¢ÐûðfÊyÍ�ß@Í�×F�hÍ�ßUÌUÍ�ÖûÌ8È�Ønß8ßUÍ�àUÖnßa�KSMÎ�Ê�Ónâa×¿ÊyßUà@ÖnÍ�Ó�ìMÍ�èMÌ¿ÊyÝÞÓnÍ�Ómc&ÿBø"ý�ý&ù��oó¤£DPMâaÊyÍQâaÊyÍfì´Ì¿×@È�ÖËÎ\ÈÞà@ÖnßUÍ



ØBØ ( £ 206<5l/<208?Ù7+\¦.+4ÚÎÚ76T8\Ú6�4ç,Ú.6T206��724Ù78

Solenoid Magnet

Zentraler Preshower (CPS)

Zentrales Kalorimeter (CC)

CFT Superlagen

H−discs

SMT Barrels

F−discs

Lumi. Det.

Forward 
Preshower

Inter Cryostat
Detector

	 ththZÇÒ´kW]-T-u��}Ô G.ÔfìMà@ÖnÍ�í�È�Ì¿ÊyßUàUÖnÍ1ìMàUÖËÓËÊ�Ì¿ÌB�YÍ�Êyà@ÖËÓûØËÓËÙJâaØË×UàUÖ�âËÍ�Ó�ì´ÉËØË×UâËÍ�ÌUÍ�èMÌUÝÞ×	hj�s�k¢Ð
�q��ÓËÙ°Í�ÓPÈ�ÓËÙûÈD�!Í�Ó3Ê�ÓëíJíëÐ

ØËí7Ô�ÈÞßUßUÍ�Ó-ÐNìMÍ�ÓËèM×UÍ�àUÖ´Ì¬ânÈD��Ø�ß¿ÌUÍ�ÖnÍ�Ó���çvOÞÎ�ÔøìMàUÖnÍ�Ê��!Í�Ó¨c3¥§¦T¨pþ>ó���ó�£(�!ßUÝ�ç�ÊyÍ>È�Ø�y°Í�×¿ÖPÈ�Î��åÊ�ÓåÍ�Ì�çøÈÞßfÙ|×&O"y°Í�×UÍ�×Ñ$Ó´ÌóÔ§Í�×¿Ó´ØËÓËÙA��ç8Í�Ê�ç8Í�Ê�ÌUÍ�×UÍ�ìMà@ÖnÍ�Ê��hÍ�Ób©«ªB¦y¨"þ>ó���ó�£�¬!ð¬ØË×UàUÖ�âaÊyÍ&ìMàUÖnÍ�Ê��!Í�Ó�ßUÝÞÎ�Î�Ê�ÓnßB�hÍ�ß@ÝÞÓnâËÍ�×UÍ>âaÊyÍ°�fØ�ð0O�òß¿ØËÓËÙJý°ÝÞÓ�ì´ÉËØË×UÍ�Ó3ý°Í�×B�hÍ�ßUß@Í�×¿ÌQç8Í�×UâËÍ�ÓQPNâaÊyÍ�Í�Ê�ÓnÍ�ÖnÝÞÖnÍ�!�ßUÍ�ØnâËÝÞ×@È�ÉËÊyâaÊ�Ì���Ì¬ÖPÈD�!Í�Ó-Ðð¬ÊyÍEÿ&ø"ýéý&ù��WìMÍ�Ù|í&Í�ÓûÌUÍQý°ÝÞÓr
óÍ�þ¬à�í �q��ÓËÙ°Íw�!Í�ß¿ÌUÍ�ÖnÍ�Ó&È�Ønß.
óÍ�çøÍ�Ê�Îyß$ý´ÊyÍ�×$ð1ÝÞÉËÉ!Í�Î�Î\È�Ù°Í�Ó&ý°ÝÞÓ�ì´Ê�Î�Ê���Ê�ØËí7òì´Ì¿×UÍ�Ê�Ô�Í�Ó�����ÖËÎyÍ�×¿Ó�íJÊ�Ì�Í�Ê�ÓnÍ�íüì´Ì¿×UÍ�Ê�Ô§Í�ÓPÈD�nßUÌ@È�Ónâ³ý°ÝÞÓ³Ú|ú
µ
íëÐ´ð¬ÊyÍ$�¢ÓaÔ�ÝÞ×¿í�È�Ì¿ÊyÝÞÓnÍ�ÓëÈ�Ønß8âËÍ�Ó|ÿBø"ý�ý&ù��oó1ç8Í�×óòâËÍ�Ó7Ê�ÓJè´ÓPÈ�ÉËÉ&ï|õ|ú|ú|ú|ú1Ç�È�Ó0��ÎyÍ�Ó�È�Ønß¿Ù°Í�ÎyÍ�ß@Í�Ó-Ð<#Nç�ÊyßUàUÖnÍ�Ó�âËÍ�Ó�ÿBøpýéý&ù��Ýóe�hÍ��nÓnâËÍ�Ì�ßUÊyàUÖ$
óÍ�çøÍ�Ê�Îyß�Í�Ê�ÓnÍ{�rò¢âaÊyßUàíJÊ�Ì��fÈÞâaÊ�Ønß

r = 10.5
à�íëÐnð¬ÊyÍE� Í�Ê�ÖnÍ1ý°ÝÞÓA�rò¢âaÊyßUà�ßEç�Ê�×UâåÈ�ØaÔ0
¿Í�âËÍ�×fìMÍ�Ê�ÌUÍ�âËÍ�ßfìMô�ÜÿØËíüâa×UÍ�Ê[ç8Í�Ê�ÌUÍ�×UÍìMàUÖnÍ�Ê��!Í�Ó7Ô�ÝÞ×¿Ì¿Ù°Í�ßUÍ�ÌB��ÌVP|ßUÝ1ânÈÞßUß�Ê�Ónß¿Ù°Í�ß@È�í¸Ìa��ç�OÞÎ�ÔWìMàUÖnÍ�Ê��!Í�Ó&Í�ÓûÌ¿Î\È�ÓËÙ âËÍ�×8ì´Ì¿×@È�ÖËÎ�×&OÞÖË×UÍfÈ�ÓËÙ°Í �Ë×@ÈÞàUÖûÌøß¿Ê�Ónâ

c��	���-Ð´ïaÐ�Úld�PûâaÊyÍ	��Ønß@È�íJí&Í�Ó³Í�Ì¢çEÈ¸Û|þ|ú|ú|ú|úb� ØnßUÎyÍ�ßUÍ�èÞÈ�Ó0��ÎyÍ ÖPÈD�hÍ�Ó-ÐT�¢í �e�nßUÌ@È�Ónâ&ý°ÝÞÓåÏ|ÏYú¸à�í;ØËÓnâåÏYÛ|úà�í ß¿Ê�Ónâ�È�ØaÔ?
¿Í�âËÍ�×EìMÍ�Ê�ÌUÍ1âËÍ�ß8æ�Í�àUÖnßUÍ�Î�ç�Ê�×¿èMØËÓËÙ°ß¿ÉËØËÓËèMÌUÍ�ß�ÓnÝMàUÖb
óÍ�çøÍ�Ê�Îyß���çøÍ�Ê[ñQò¢âaÊyßUà�ßEÈ�ÓËÙ°Í �Ë×@ÈÞàUÖ´ÌVPËâaÊyÍÍ�Ê�ÓnÍ�Ó¯�fÈÞâaÊ�Ønß�ý°ÝÞÓ
9.5

à�í
< r < 26.0

à�í;ÈD�!âËÍ�àUè°Í�ÓJØËÓnâ7ç8Í�Ê�ÌUÍ�×UÍ�ÏYÚ|ú|ú|ú|ú1Ç�È�Ó0��ÎyÍEÖPÈD�!Í�Ó-Ð|ð�È�íJÊ�Ì$Êyß¿ÌâËÍ�×8ìMô�Ü*Ê�Ó&âËÍ�×]�WÈ�Ù°ÍpP°ÜW×UÍ�F!Í�×8íJÊ�Ì�Í�Ê�ÓnÍ�×]�fØ�ð0O|ß¿ØËÓËÙ�ý°ÝÞÓ�Í�Ì�çøÈ&ÏYú
µ
í �ËÊyßF��Ø&Í�Ê�ÓnÍ�×]!�ßUÍ�ØnâËÝÞ×@È�ÉËÊyâaÊ�Ì���Ìý°ÝÞÓ |η| < 3

È�ØaÔ���Ø��YÍ�Êyà@ÖËÓnÍ�Ó-Ð
ª í#âËÍ�ÓCìMôåÜ ÖnÍ�×¿ØËí#Êyß¿Ì¬Ê�í¶�	�nß¿Ì@È�Ónâ\��ç�ÊyßUàUÖnÍ�Ó

19.5
à�í

< r < 51.4
à�í Í�Ê�Ó çøÍ�Ê�ÌUÍ�×UÍ�×¸ì´ÉËØË×óòâËÍ�ÌUÍ�èMÌUÝÞ×�È�ÓËÙ°Í �Ë×@ÈÞà@ÖûÌVPnâËÍ�×QÈ�ØnßEßB��Ê�Ó´Ì¿Ê�Î�Î�ÊyÍ�×UÍ�ÓnâËÍ�Ó��PÈÞßUÍ�×¿ÓX�!Í�ß¿ÌUÍ�ÖûÌ�cx�v��Ü[ ���ù�ö0÷�ýBø���vÿ&ù�ýE÷�ýBø���¢"ù�ýld$hjT®?k¢Ðð1Í�×e�v��Ü �!Í�ß¿ÌUÍ�Ö´ÌfÈ�ØnßQîI�KS´Î�Ê�Ónâa×¿Êyß@àUÖnÍ�Ó3ßUÝ>Ù°Í�ÓPÈ�ÓËÓ´ÌUÍ�Ó ì´ØËÉ!Í�×¿Î\È�Ù°Í�Óëý°ÝÞÓA�PÈÞßUÍ�×¿ÓQPËâaÊyÍ�âËÍ�ÓA!�ß@Í�ØnâËÝÞ×@È�òÉËÊyâaÊ�Ì���ÌUßB�!Í�×UÍ�ÊyàUÖ |η| . 2.0

ÈD�!âËÍ�àUè°Í�Ó-ÐF�ûÍ�âËÍ�ì´ØËÉ!Í�×¿Î\È�Ù°Í�Í�ÓûÌ¿Ö0��Î�Ì�Í�Ê�ÓnÍ�ð1ÝÞÉËÉ!Í�Î�Î\È�Ù°ÍëÈ�Ønß¯�PÈÞßUÍ�×¿ÓQP�âaÊyÍÉPÈ�×@È�Î�ÎyÍ�Îq��ØË×1ì´Ì¿×@È�ÖËÎ\ÈÞàUÖnßUÍ¸ý°Í�×¿Î\È�ØaÔ§Í�ÓQPhßUÝ�ç�ÊyÍ�Í�Ê�ÓnÍ ð1ÝÞÉËÉ!Í�Î�Î\È�Ù°Í�ý°ÝÞÓm�NÈÞßUÍ�×¿ÓQPPâaÊyÍ�Ê�ÓåÍ�Ê�ÓnÍ�í#ì´ÌUÍ�×UÍ�ÝYç�Ê�Óaòè°Í�Î[ý°ÝÞÓ3Û ◦ ânÈD��Øëý°Í�×¿Î\È�ØaÔ�Í�Ó-Ðnð¬ÊyÍ�ð1ÝÞÉËÉhÍ�Î�Î\È�Ù°Í�Ó3ß@ÝÞ×¿Ù°Í�ÓëânÈ�ÔjÕË×VPnânÈÞß@ß�âaÊyÍ��fÈ�ØËí�ÈD�!âËÍ�àUèMØËÓËÙ&í�OÞÙ|Î�ÊyàUÖnßUÌÙ|ØËÌøØËÓnâ�Ù|ÎyÍ�Êyà@ÖËíC�Dy|Ê�ÙJÊyß¿ÌVP´Ê�ÓnâËÍ�í âaÊyÍ$�!Í�ÊyâËÍ�ÓY�rÈ�Ù°Í�Ó�ØËí Í�Ê�ÓnÍ�Ó³ÖPÈ�Î��!Í�ÓY�PÈÞß@Í�×@ÈD�nß¿Ì@È�Ónâ³ý°Í�×UßUÍ�ÌB��ÌEß¿Ê�Ónâ[Ðð¬ÊyÍfÍ�Ê�Ó��YÍ�Î�ÓnÍ�ÓA�NÈÞßUÍ�×¿Ó³ÖPÈD�hÍ�Ó³Í�Ê�ÓnÍ�Ó�ðfØË×Uà@ÖËí&Í�ßUßUÍ�×�ý°ÝÞÓ�î|ï|Ú
µ
í ØËÓnâ³Í�Ê�ÓnÍ�ÓW�e�nß¿Ì@È�Ónâ�ý°ÝÞÓ�Í�Ì¢çEÈ ( õ|Ú|ú

µ
íAPPßUÝ�ânÈÞßUß¬ânÈÞßr�v��Ü ìTSMß¿ÌUÍ�í#È�Ønß¬Õ��hÍ�×�ãÞú|ú|ú|úC�PÈÞß@Í�×¿Óm�!Í�ß¿ÌUÍ�ÖûÌYÐhð�ÈÞßr�[ÊyàUÖ´Ì�È�Ønß¬âËÍ�ÓÎ�PÈÞßUÍ�×¿Ó�ç�Ê�×UâÊ�Ó�÷øÕËÓnâËÍ�Î�Ó³ý°ÝÞÓX�[ÊyàUÖ´Ì¿ÎyÍ�Ê�ÌUÍ�×¿ÓëÙ°Í�ß@È�íJí&Í�Î�ÌøØËÓnâC��Ø³âËÍ�ÓY�fØnß¿ÎyÍ�ßUÍ�Í�ÎyÍ�í&Í�Ó´ÌUÍ�Ó3È�Ø�y°Í�×¿ÖPÈ�Î���âËÍ�ß8ð1Í�ÌUÍ�èMÌUÝÞ×Uß

( Q �t�z�x�i���3't�t���D�i�I�é���
µ
�¨�7�����;�i�	�u.��$�;���q���/.V' � �x��.��������~A � �����x�r�i�t�+$é�i�+.é�w�w�i�T 



( £ Ø £ Ú76T8mÚX�4ç,Ú76T206��72.Ù78 ØB(
Ì¿×@È�Ónß¿É!ÝÞ×¿Ì¿ÊyÍ�×¿ÌYÐMð¬ÝÞ×¿Ì8ç�Ê�×Uâ�ânÈÞßv�[Êyà@ÖûÌEý°ÝÞÓ�ÖnÝMàUÖnÍ�����ÊyÍ�Ó´ÌUÍ�Ó|c

ε ≈ 80
¯dF!�ÖnÝÞÌUÝ"�YÍ�Î�ÎyÍ�Ó�Ê�Ó�Í�ÎyÍ�è´Ì¿×¿Êyß@àUÖnÍ�ì´Ê�òÙ|ÓPÈ�ÎyÍ�ØËíJÙ°Í�çEÈ�ÓnâËÍ�Î�ÌYÐTªfí;ânÈÞßF�¬È�ØnßUàUÖnÍ�Ó�Ê�Ó�âaÊyÍ�ßUÍ�Ó�Í�íJÉ��nÓnâaÎ�Êyà@ÖnÍ�ÓW#7��ÖËÎyÍ�×¿ÓN��Ø&íJÊ�ÓËÊ�íJÊyÍ�×UÍ�ÓQP°í¸ÕnßUßUÍ�ÓâaÊyÍ�ßUÍ�È�ØaÔQÍ�Ê�ÓnÍ�ÜrÍ�íJÉhÍ�×@È�Ì¿ØË×>ý°ÝÞÓ õ3ÇüÙ°Í�èMÕËÖËÎ�Ì ç8Í�×UâËÍ�Ó-Ð�ð1Í�×I�v��Ü Í�×¿×UÍ�ÊyàUÖûÌ7Í�Ê�ÓnÍ�Ü-×UÍ�F[Í�×@È�Ø�ð0O|ß¿ØËÓËÙý°ÝÞÓ3Í�Ì�çøÈ3ÏYú|ú

µ
íëÐ

s}¸>n}¸,n}¸®�ÈDº<Å�¾�ã9ÆbºTÈIìWº<áVº<É7áVã4È<¸b#Nç�ÊyßUà@ÖnÍ�ÓëâËÍ�í ìMÝÞÎyÍ�ÓnÝÞÊyâaí�È�Ù|ÓnÍ�ÌUÍ�Ó3ØËÓnâ�âËÍ�Ó³Ç1×BS°Ý|ß¿Ì@È�ÌUÍ�Ó�âËÍ�×Ç�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×X�!Í��nÓnâËÍ�Ì³ßUÊyàUÖÿâËÍ�×Y!$×UÍ�ßUÖnÝYç8Í�×ëð1Í�ÌUÍ�èMÌUÝÞ×VP8âËÍ�×³ß¿Êyà@Ö~Ê�Ó_��ç8Í�Ê�Ç ÝÞíJÉ!ÝÞÓnÍ�ÓûÌUÍ�Ó È�ØaÔ§ÌUÍ�Ê�Î�ÌVPÓ0��íJÎ�Êyà@ÖåâËÍ�ÓA�YÍ�Ó´Ì¿×@È�ÎyÍ�Óm!$×UÍ�ß¿ÖnÝ�ç8Í�×¯cx�v!8ì�drhj�Í9k-ØËÓnâëâËÍ�Óëý°ÝÞ×¿ç{��×¿ÌUße!$×UÍ�ßUÖnÝYç8Í�×¯c��z!8ì�drhj�æ�k¢Ð
��í �YÍ�Ó´Ì¿×@È�ÎyÍ�Óë÷øÍ�×UÍ�Êyà@Ö³Êyß¿Ì���ØËÓ0�Þà@Önß¿Ì�âaÊ�×UÍ�è´ÌQÈ�Ø�y°Í�×¿ÖPÈ�Î���âËÍ�ßEô�È�Ù|ÓnÍ�ÌUÍ�Ó�Í�Ê�ÓnÍ$�WÈ�Ù°Í�È�ØnßE÷8ÎyÍ�Ê[È�ÓËÙ°Í�ò

�Ë×@ÈÞà@ÖûÌVPMâËÍ�×UÍ�Ó�ð¬ÊyàUè°Í¬ÚaÐ�þ1íJí¶c�ã Ï ï|Ûf#hÝÞÎ�ÎÇda�hÍ�Ì¿×���Ù|Ì8ØËÓnâ&âaÊyÍ�íJÊ�ÌøÍ�Ê�ÓnÍ�×��q��ÓËÙ°Í ý°ÝÞÓ�ÛaÐ ö|ö í;Í�Ê�ÓnÍe!�ßUÍ�ØaòâËÝÞ×@È�ÉËÊyâaÊ�Ì���Ì�ý°ÝÞÓ |η| < 1.3
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¿Í�è´Ì¿Ê�ý°Í�Ó7ÜEÕË×¿í&Í�ÓYci÷xõ�±�ù ý�ó;d7��ØnßRÈ�íJí&Í�Ó���ØaÔ�ÈÞßUß@Í�ÓQPØËí âaÊyÍ]'�Í�×@È�×B�hÍ�Ê�Ì¿ØËÓËÙ1âËÍ�×rð�È�ÌUÍ�Ó¸Ê�í Ü-×¿Ê�Ù|Ù°Í�×�ØËÓnâ Ê�Ó¸âËÍ�×��fÍ�è°ÝÞÓnß¿Ì¿×¿ØËèMÌ¿ÊyÝÞÓf��Ø¸Í�×¿ÎyÍ�Êyà@ÖûÌUÍ�×¿Ó-Ð"�	���ËÊ�ÎyâaØËÓËÙïaÐ�þ Ê�Î�Î�Ønß¿Ì¿×¿ÊyÍ�×¿ÌQâaÊyÍr�WÈ�Ù°Í¬ØËÓnâ�á1×¿ØËÉËÉËÊyÍ�×¿ØËÓËÙ&âËÍ�×EÇ�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×B�YÍ�Î�ÎyÍ�Ó-Ð0�¢Ónß¿Ù°Í�ßRÈ�í ÌEÊyß¿ÌEânÈÞß�Ç�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×Ê�Ó�Õ��!Í�×Qö´ãÞú|ú|úJßUÍ�ÉPÈ�×@È�ÌfÈ�ØnßUÙ°Í�ÎyÍ�ßUÍ�ÓnÍb#hÍ�Î�ÎyÍ�Ó3ßUÍ�Ù|í&Í�Ó´Ì¿ÊyÍ�×¿ÌYÐð�ÈÞßf�w� âËÍ�àUèMÌ�Í�Ê�ÓnÍ�Ó|!�ßUÍ�ØnâËÝÞ×@È�ÉËÊyâaÊ�Ì���ÌUßB�!Í�×UÍ�ÊyàUÖ�ý°ÝÞÓ |η| < 1.0
ÈD� ØËÓnâ�âaÊyÍJÑ$Ónâaè|È�ÉËÉhÍ�Ó

1.0 <
|η| < 4.0

Ð-ælÊyÍ�È�Ønß¸âËÍ�×°#hÍ�ÊyàUÖËÓ´ØËÓËÙ�Í�×UßUÊyàUÖûÌ¿Î�Êyà@ÖdÊyß¿ÌVP[Êyß¿Ì�Ê�íê÷øÍ�×UÍ�Êyà@Ö�ý°ÝÞÓ
0.8 < |η| < 1.4

âaÊyÍC�	�aòâËÍ�àUèMØËÓËÙ�âaØË×UàUÖ�ânÈÞß1Ç�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×�×UÍ�Î\È�Ì¿Ê�ý3ßUà@ÖËÎyÍ�àUÖ´ÌYÐQ�¢Ónß&�hÍ�ßUÝÞÓnâËÍ�×UÍ>âaÊyÍ7Ç1×BS°Ý|ß¿Ì@È�ÌUÍ�Óûç{��ÓnâËÍ¯��ç�ÊyßUà@ÖnÍ�Ó
�w� ØËÓnâ�Ñv� ý°Í�×UßUàUÖËÎyÍ�à@ÖûÌUÍ�×¿Ó*âaÊyÍ&Ñ$ÓnÍ�×¿Ù|ÊyÍYÈ�Ø�ð0O|ßUØËÓËÙåÊ�ÓCâaÊyÍ�ß@Í�íÒ÷EÍ�×UÍ�ÊyàUÖ�Í�×¿ÖnÍ �ËÎ�Êyà@Ö-Ð�ªfíäÍ�Ê�ÓnÍ�Ó�ÜrÍ�Ê�ÎânÈ�ý°ÝÞÓ�ç�ÊyÍ�âËÍ�×B��ØnÍ�×¿Î\È�ÓËÙ°Í�ÓQP!Êyß¿Ì	��ç�ÊyßUàUÖnÍ�Ó âËÍ�ÓR�w� ØËÓnâåÑv� Ç1×BS°Ý|ß¿Ì@È�ÌUÍ�Ó âËÍ�×bþ�ö0÷�ù�ý²� ýéûlõDó ÷xøp÷�¨<ù ÷�ù��K÷xõ"ý
c��B�øðEd�Í�Ê�ÓËÙ°Í �PÈ�ØËÌ8çøÝÞ×UâËÍ�Ó-Ð´Ñ�×��!Í�ß¿ÌUÍ�ÖûÌEÈ�ØnßEìT��Ê�Ó´Ì¿Ê�Î�Î\È�ÌUÝÞ×óò¢Ç�ÈÞàUÖnÍ�Î�ÓQPnâaÊyÍF
óÍ�çøÍ�Ê�ÎyßEÍ�Ê�ÓnÍ�Ó\c

η×φ)
÷EÍ�×UÍ�ÊyàUÖý°ÝÞÓÞc�úaÐ�Ï × úaÐ�Ï�dJÈD�!âËÍ�àUè°Í�Ó-Ð8ð¬ØË×UàUÖ âËÍ�Ó[�B�øð ý°Í�×B�hÍ�ß@ßUÍ�×¿Ì�ß¿Êyà@Ö âaÊyÍëÑ$ÓnÍ�×¿Ù|ÊyÍYÈ�Ø�ð0O|ß¿ØËÓËÙ ý°ÝÞÓ[�°Í�ÌUß&ØËíÍ�Ì¢çEÈëÏYúl ò@ÏYÚl�Ðð¬ÊyÍ>Ñ�ÓnÍ�×¿Ù|ÊyÍYÈ�Ø�ð0O|ß¿ØËÓËÙåâËÍ�ßr�YÍ�Ó´Ì¿×@È�ÎyÍ�ÓCÇ�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×UßCcx�w�wdfç�ØË×UâËÍ7Ê�í ÜWÍ�ß¿ÌUßUÌ¿×@È�ÖËÎa�hÍ�ß¿Ì¿Ê�íJí¸ÌE��Ø

hj���k�g

(σE/E)2 = (0.003)2 + (0.148
√ á1Íx'

/
√
E)2

Ô§ÕË×QÑ$ÎyÍ�è´Ì¿×UÝÞÓnÍ�Ó
(σE/E)2 = (0.045)2 + (0.470

√ á1Íx'
/
√
E)2

ÔjÕË×	!$ÊyÝÞÓnÍ�Ó



( £ Ø £ Ú76T8mÚX�4ç,Ú76T206��72.Ù78 ØB¡
��ÕË×QâaÊyÍ�Ñ$Ónâaè|È�ÉËÉ!Í�Ó3Ç�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×°c§Ñv�wdEÍ�×¿ÖËÊyÍ�Î�ÌQí�È�ÓëÊ�íüÜrÍ�ß¿ÌUß¿Ì¿×@È�ÖËÎxg

(σE/E)2 = (0.003)2 + (0.157
√ á1Íx'

/
√
E)2

Ô§ÕË× Ñ$ÎyÍ�èMÌ¿×UÝÞÓnÍ�Ó
(σE/E)2 = (0.039)2 + (0.446

√ á1Íx'
/
√
E)2

Ô§ÕË×�!$ÊyÝÞÓnÍ�Ó
³w¼«´qÅ�Å�»�Ê�îVµNÈ;Ê4ã4¿Qî�¶Nº9»�¿�¾�ºT»ÇáVÅ�åËºTÅVÅ�À�¿qÊq¸fÑ$Ê�Ó ç8Í�Ê�ÌUÍ�×UÍ�×åç�ÊyàUÖûÌ¿Ê�Ù°Í�×R�¬ß¿É!Í�è´ÌX�!Í�Ê�í0÷EÍ�Ì¿×¿ÊyÍ � ý°ÝÞÓ

��Î�ÕnßUß¿Ê�ÙÞò��f×¿Ù°ÝÞÓaò¢Ç�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×¿Ó Êyß¿ÌëÍ�ßVP�âaÊyÍ�éfØPÈ�Î�Ê�Ì���Ì3âËÍ�ßAðnÕnßUß¿Ê�Ù°Í�Ó �f×¿Ù°ÝÞÓnßA��Ø Õ��!Í�×¿çøÈÞà@ÖnÍ�Ó-Ðfð¬ÊyÍ�ßÊyß¿Ì�Í�×óÔ�ÝÞ×UâËÍ�×¿Î�ÊyàUÖQP-ânÈ�âaÊyÍJÑ$ÓnÍ�×¿Ù|ÊyÍ�í&Í�ß@ß¿ØËÓËÙ3âËÍ�ß�Ç�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×Uß È�ØaÔEâËÍ�×�ôåÍ�ßUßUØËÓËÙ³âËÍ�×E�WÈÞâaØËÓËÙëâaØË×Uà@Ö
��ÝÞÓËÊyß@È�Ì¿ÊyÝÞÓA�!Í�×¿ØËÖûÌYÐNìMÝÞíJÊ�ÌfÊyß¿ÌQÍ�ßQÍ�Ó´ÌUßUàUÖnÍ�ÊyâËÍ�Ónâ}PhânÈÞßUßQâaÊyÍ�Ù°Í�ßRÈ�í ÌUÍ�Í�×B�YÍ�ØËÙ|ÌUÍb�WÈÞâaØËÓËÙ�ÓPÈÞà@ÖËÙ°Í�ç�ÊyÍ�ßUÍ�Óç�Ê�×Uâ[Ð.��ßUÌfâaÊyÍ�ßfÓËÊyàUÖûÌ�âËÍ�×r�PÈ�Î�ÎxPNç�Ê�×UâåâaÊyÍ>ôåÍ�ß@ß¿ØËÓËÙ�ý°Í�×óÔx��ÎyßUàUÖ´ÌYÐ!Ñ$Ê�Ó�á1×¿ØËÓnâëÔ§ÕË× ØËÓ´ý°ÝÞÎ�Îyß¿Ì���ÓnâaÊ�Ù°Í�ÓË�WÈ�òâaØËÓËÙ°ß¿ÓPÈÞà@ÖûçøÍ�Êyß ß¿Ê�Ónâ�Í�ÎyÍ�è´Ì¿×UÝÞÓnÍ�ÙûÈ�Ì¿Ê�ý°Í�'�Í�×¿ØËÓË×UÍ�Ê�ÓËÊ�Ù|ØËÓËÙ°Í�ÓëÊ�í �f×¿Ù°ÝÞÓQPMç�ÊyÍ$�°Ð ÷¬ÐËìaÈ�ØnÍ�×Uß¿ÌUÝ+F$Ð�� Ó�âaÊyÍ�ßUÍèlOÞÓËÓnÍ�Ó&ß¿Êyà@Ö&âaÊyÍEÑ$ÎyÍ�è´Ì¿×UÝÞÓnÍ�ÓQPûâaÊyÍEÖPÈ�ØËÉËÌUß��ÞàUÖËÎ�Êyà@Ö���ØË×F�WÈÞâaØËÓËÙ°ß¿í&Í�ßUßUØËÓËÙ��hÍ�Ê�Ì¿×@È�Ù°Í�ÓQP°È�ÓËÎ\È�Ù°Í�×¿ÓQPÞçøÝÞíJÊ�Ìß¿ÊyÍfÓËÊyàUÖ´Ì�í&Í�ÖË×{��ØË×Eô�Í�ßUß¿ØËÓËÙI��ØË×{'�Í�×óÔjÕËÙ|ØËÓËÙJß¿ÌUÍ�ÖnÍ�Ó-Ðað¬ÊyÍ1ôåÍ�ÓËÙ°Í1âËÍ�×{'�Í�×¿ØËÓË×UÍ�Ê�ÓËÊ�Ù|ØËÓËÙ°Í�Óëè|È�ÓËÓ�ßUÊyàUÖÊ�í��WÈ�ØaÔ�âËÍ�×$#hÍ�Ê�Ì ý°Í�×���ÓnâËÍ�×¿Ó-ÐPÑ�ß�ÊyßUÌ È�ÎyßUÝJÍ�×óÔ§ÝÞ×UâËÍ�×¿Î�Êyà@ÖQPNßUÊyÍr��Ø�Õ��hÍ�×¿çEÈÞàUÖnÍ�Ó-Ðð�ÈD��Ø�ç�ØË×UâËÍ�Ó Ê�Ó�âËÍ�Ódð � ò¢ð1Í�ÌUÍ�è´ÌUÝÞ×7ß¿É!Í ��ÊyÍ�Î�ÎyÍ�ô�Í�ßUßB�YÍ�Î�ÎyÍ�Ó Í�Ê�ÓËÙ°Í �PÈ�ØËÌYÐ�ð¬ÊyÍ�ßUÍC�hÍ�ßUÌUÍ�ÖnÍ�Ó È�Ønße
óÍ
��çøÍ�Ê�è´ÎyÍ�Ê�ÓnÍ�ÓZ��ÝÞÓËÊyß@È�Ì¿ÊyÝÞÓnß¿è|È�íJí&Í�×¿ÓQP�âaÊyÍ�×@ÈÞâaÊyÝ°È�è´Ì¿Ê�ý°Í�éfØnÍ�Î�ÎyÍ�Ó_Í�ÓûÌ¿ÖPÈ�Î�ÌUÍ�Ó-Ð]�ûÍ�âËÍ�ôåÍ�ßUß&�YÍ�Î�ÎyÍ�Í�Ó´Ì¿Ö0��Î�Ì

¿Í³Í�Ê�ÓnÍ�Ç�È�íJí&Í�×JíJÊ�Ì�� í7ò�Û�önÏ³ØËÓnâ�� Øaò@ÏYú|þaÐa� í&Í�×¿Êyà�Ê�ØËí Û�önÏ³Êyß¿ÌJÍ�Ê�Ó

α
ò�ì´Ì¿×@È�ÖËÎyÍ�×&íJÊ�Ì&âa×UÍ�ÊQâaÊyàUÖ´Ì

�!Í�ÊyÍ�Ê�ÓPÈ�ÓnâËÍ�×�Î�ÊyÍ�Ù°Í�ÓnâËÍ�Ó3Ñ$íJÊyßUßUÊyÝÞÓnß¿Î�Ê�ÓËÊyÍ�ÓW�hÍ�Ê-Í�Ì�çøÈJÚaÐ�Ú7ô�Íx' ØËÓnâ³Î�ÊyÍ�Ô§Í�×¿Ì�ßUÝÞíJÊ�ÌQß¿ÌUÍ�ÌUß�Í�Ê�ÓnÍ¬è°ÝÞÓnß¿Ì@È�Ó´ÌUÍ
��ÝÞÓËÊyß@È�Ì¿ÊyÝÞÓCÊ�Ó�âËÍ�×¸Ç�È�íJí&Í�×YÐ�ðfÊyÍ�ñ¬È�Î��´ç8Í�×¿ÌUßB�YÍ�Ê�Ì°�!Í�Ì¿×���Ù|Ì öûï|ÛW�ûÈ�ÖË×UÍpPrçøÈÞß>Í�Ê�ÓnÍJè°ÝÞÓnß¿Ì@È�Ó´ÌUÍN�fèMÌ¿Ê�ý´Ê�òÌ���ÌJç{��ÖË×UÍ�Ónâ_âËÍ�×��WÈ�ØaÔ��YÍ�Ê�Ì�âËÍ�ßJÑz�aÉhÍ�×¿Ê�í&Í�Ó´ÌUß&Ù°Í�çv��ÖË×¿ÎyÍ�ÊyßUÌUÍ�ÌYÐ]�QØËÌ¿ÖnÍ�ÓËÊ�ØËí Êyß¿ÌJÍ�Ê�Ó

β
ò�ì´Ì¿×@È�ÖËÎyÍ�×&íJÊ�ÌÍ�Ê�ÓnÍ�×Jô È;�MÊ�í�È�ÎyÍ�ÓnÍ�×¿Ù|ÊyÍ�ý°ÝÞÓ é@ 1ï|õëè°Í�'ùØËÓnâ Í�Ê�ÓnÍ�×Jñ¬È�Î��´ç8Í�×¿ÌUßB�YÍ�Ê�ÌJý°ÝÞÓ_ï°ã�ö ÜrÈ�Ù°Í�Ó-Ð$ð�È3âaÊyÍ�éfØnÍ�Î�òÎyÍ�ÓA�!Í�×UÍ�Ê�ÌUß>ÏYõ|î|õ7Ê�ÓåâaÊyÍ�Ç1×BS°Ý|ßUÌ@È�ÌUÍ�Ó�Í�Ê�ÓËÙ°Í �PÈ�ØËÌfç�ØË×UâËÍ�ÓQPPÊyß¿ÌfâaÊyÍ�� èMÌ¿Ê�ýMÊ�Ì���Ì âËÍ�×	� ØËÌ¿ÖnÍ�ÓËÊ�ØËí#éfØnÍ�Î�ÎyÍçøÍ�Ê�ÌUÍ�ß¿Ì¿Ù°Í�ÖnÍ�ÓnâåÈD�ËÙ°Í�èMÎ�ØËÓËÙ°Í�Ó-Ðð�ÈÞß¬ì´É!Í�è´Ì¿×¿ØËí âËÍ�×1ì´Ê�Ù|ÓPÈ�Î�Ö?OÞÖnÍ�Ó�Ê�ÓåâËÍ�Ó�Ç�È�íJí&Í�×¿Óåè|È�ÓËÓëÓûØËÓ\��ØË× ÷EÍ�ß¿Ì¿Ê�íJí¸ØËÓËÙ�âËÍ�×$� Í�Ê�ÓËÖnÍ�Ê�ÌâËÍ�ß��f×¿Ù°ÝÞÓnßE�!Í�ÓûØËÌB��Ì�çøÍ�×UâËÍ�Ó-Ð-÷EÍ�Ê�âËÍ�í

α
ò�ì´Ì¿×@È�ÖËÎyÍ�×¸Î�ÊyÍ�Ù|Ì�ß¿ÌUÍ�ÌUß�Í�Ê�ÓnÍ7è°ÝÞÓnß¿Ì@È�Ó´ÌUÍC�fÓaÔ�È�ÓËÙ°ßUÊyÝÞÓËÊyß@È�Ì¿ÊyÝÞÓý°ÝÞ×YÐ!ð¬ÊyÍ>Ì@È�ÌUß��ÞàUÖËÎ�Êyà@Ö�ÓPÈÞàUÖËÙ°Í�ç�ÊyÍ�ßUÍ�ÓnÍC�WÈÞâaØËÓËÙ�Ù|Ê��ËÌ�ânÈ�ÓËÓÎ�fØaÔ�ßUàUÖËÎ�ØnßUß¬Õ��!Í�×�âËÍ�Ó\'�Í�×¿Î�ØnßUÌ¬ý°ÝÞÓ�Ñ$ÎyÍ�è´òÌ¿×UÝÞÓnÍ�Ó�âaØË×UàUÖY'�Í�×¿ØËÓË×UÍ�Ê�ÓËÊ�Ù|ØËÓËÙ°Í�Ó-ÐË÷øÍ�Ê�í

β
ò�ì´Ì¿×@È�ÖËÎyÍ�×8í¸ØnßUßv�WÈ�Ù°ÍQØËÓnâN�nÝÞ×¿í âËÍ�ßEì´ÉhÍ�èMÌ¿×¿ØËí&ß8ý°Í�×¿í&Í�ßóòßUÍ�Ó�ç8Í�×UâËÍ�ÓQP�ØËí âaÊyÍ�ßUÍN��ÓaÔ�ÝÞ×¿í�È�Ì¿ÊyÝÞÓU��Ø�Ù°Í�ç�Ê�ÓËÓnÍ�Ó-Ð��fÎ�ÎyÍ�×UâaÊ�ÓËÙ°ß>çv��×UÍY��ØË×JÈD�nßUÝÞÎ�ØËÌUÍ�Ó ÷EÍ�ß¿Ì¿Ê�íJí¸ØËÓËÙâËÍ�×C�rÈÞâaØËÓËÙ�Í�Ê�ÓnÍëÍ��aÌ¿×UÍ�í(Ù|ØËÌUÍëÇ�È�Î�Ê��Ë×@È�Ì¿ÊyÝÞÓ~ØËÓnâ~ì´Ì@ÈD�ËÊ�Î�Ê�Ì���Ì�âËÍ�×C�fØnß¿ÎyÍ�ßUÍ�Í�ÎyÍ�èMÌ¿×UÝÞÓËÊ�è*Í�×óÔ§ÝÞ×UâËÍ�×¿Î�Êyà@Ö-Ð

ªfí âaÊyÍ�ßUÍ³Ç ÝÞíJÉËÎ�Ê�è|È�Ì¿ÊyÝÞÓ[��ØdØËíJÙ°Í�ÖnÍ�Ó*ý°Í�×¿ç8Í�ÓnâËÍ�ÌUÍ3í�È�Ó_âaÊyÍN��çøÍ�Ê�ØËÓûÌUÍ�×UßUà@ÖËÊyÍ�âaÎ�ÊyàUÖnÍ�ÓÿÇ�È�íJí&Í�×¿Ó-Ð
�fØaÔjÙ|×¿ØËÓnâåý°Í�×UßUà@ÖËÊyÍ�âËÍ�ÓnÍ�Ó�×@ÈÞâaÊyÝ°È�è´Ì¿Ê�ý°Í�ÓCéfØnÍ�Î�ÎyÍ�Ó ØËÓnâ âËÍ�×fØËÓ´ÌUÍ�×UßUàUÖËÊyÍ�âaÎ�Êyà@ÖnÍ�Ó á1Í�ÝÞí&Í�Ì¿×¿ÊyÍ>×UÍYÈ�Ù|ÊyÍ�×UÍ�ÓâaÊyÍ&Ç�È�íJí&Í�×¿Ó ØËÓûÌUÍ�×Uß@àUÖËÊyÍ�âaÎ�ÊyàUÖ_È�ØaÔw'�Í�×¿ØËÓË×UÍ�Ê�ÓËÊ�Ù|ØËÓËÙ°Í�Ó-Ð�'�Í�×¿ç8Í�ÓnâËÍ�Ì7í�È�Ó�Ó´ØËÓ�ânÈÞß�'�Í�×¿Ö0��Î�Ì¿ÓËÊyß>âËÍ�×ì´Ê�Ù|ÓPÈ�Î�Ö?OÞÖnÍ�Ó âËÍ�×³éfØnÍ�Î�ÎyÍ�ÓQPøâaÊyÍ�ânÈ�ÓËÓ Õ��!Í�×�Í�Ê�ÓnÍ3Ù°Í�í&Í�Ê�Ónß@È�í&Ím�fØnß¿ÎyÍ�ßUÍ�Í�ÎyÍ�èMÌ¿×UÝÞÓËÊ�è Í�×óÔ�ÈÞßUß¿Ì&çøÍ�×UâËÍ�Óí¸ÕnßUßUÍ�ÓQP�Í�Ó´ÌóÔ���Î�Î�Ì�âaÊyÍ��e�ËÖ0��ÓËÙ|Ê�Ù|è°Í�Ê�Ì&ý°ÝÞÓ~âËÍ�×&Ç�È�Î�Ê��Ë×@È�Ì¿ÊyÝÞÓ~âËÍ�×�Ñ$ÎyÍ�èMÌ¿×UÝÞÓËÊ�è!Ð�ð�È�Ê�í ð � ò¢ð¬Í�ÌUÍ�èMÌUÝÞ×âËÍ�×B�YÍ�Ê�ÌfÓûØË×fÍ�Ê�ÓnÍ7éfØnÍ�Î�ÎyÍE��ØË×e'�Í�×óÔ§ÕËÙ|ØËÓËÙ�ßUÌUÍ�ÖûÌVPní¸ØnßUß âaÊyÍb�WÈÞâaØËÓËÙ°ßUÍ�Êyà@ÖûØËÓËÙ³ý°ÝÞ×¿Ù°Í�ÓnÝÞíJí&Í�ÓåçøÍ�×UâËÍ�ÓQPçEÈÞß¬âaØË×Uà@Ö�ânÈÞß	��Ó"
�Ê���ÊyÍ�×UÍ�Ó âËÍ��nÓËÊyÍ�×¿ÌUÍ�×�Ç�È�Î�Ê��Ë×@È�Ì¿ÊyÝÞÓnß¿ÉËØËÎyßUÍ7Ê�Ó�âaÊyÍ¸Ñ$ÎyÍ�èMÌ¿×UÝÞÓËÊ�èMè°Í�Ì¿ÌUÍ7Ù°Í�ßUàUÖËÊyÍ�Ö´ÌYÐ[ìMÝ�Êyß¿ÌÍ�ß]��çøÈ�×�í�OÞÙ|Î�Êyà@ÖQPûânÈÞß�� Í�Ê�ÓËÖnÍ�Ê�ÌUßóò¢Ñ$×óÔ�ÈÞßUß¿ØËÓËÙ°ß¿ò�ìTSMß¿ÌUÍ�í íJÊ�Ì�ÓûØË×øÍ�Ê�ÓnÍ�×{#hÍ�Î�ÎyÍw��ØC�hÍ�Ì¿×UÍ�Ê��!Í�ÓQPK
¿Í�âËÝ´à@Ö&íJÊ�Ìß¿Ì@È�×¿è�×UÍ�âaØ���ÊyÍ�×¿ÌUÍ�×	!�×��D��Êyß¿ÊyÝÞÓ-Ð

��í²�¬È�ÖËí&Í�Ó_âËÍ�ßJð � ò¢ð¬Í�ÌUÍ�èMÌUÝÞ×�ªfÉËÙ|×@ÈÞâËÍ�ßJç�ØË×UâËÍ�Í�Ê�ÓnÍ³ÓnÍ�ØnÍX� Ønß¿ÎyÍ�ß@Í�Í�ÎyÍ�è´Ì¿×UÝÞÓËÊ�èdÍ�×óÔ§ÝÞ×UâËÍ�×¿Î�Êyà@Ö-Ðð¬ÊyÍ�ßUÍ��fØaÔ§ÙûÈD�hÍEç�ØË×UâËÍfßUàUÖËÎ�ÊyÍ y|Î�Êyà@Ö�ý°ÝÞÓ�âËÍ�×�ô�È�Ê�Ó��YÍ�×Eá¬×¿ØËÉËÉhÍ Õ��hÍ�×¿ÓnÝÞíJí&Í�ÓQP´ânÈ1ÖËÊyÍ�×8Í�Ê�Ó�ßUÍ�ÖË×���ÖËÓËÎ�Ê�òà@ÖnÍ�ß ìTSMß¿ÌUÍ�í Ô§ÕË×øâËÍ�ÓW�$Üw�Q��ìûò¢ð1Í�ÌUÍ�è´ÌUÝÞ×¬È�íò�øÑF�	� Í�Ó´Ì¢ç�ÊyàUè°Í�Î�Ìfç�ØË×UâËÍ°hon·�6°an7j9°�n0n�k�PMânÈÞßøÎyÍ�Êyà@ÖûÌfÈ�ÓâaÊyÍ�÷EÍ�âaÕË×óÔ§ÓËÊyßUßUÍ1ý°ÝÞÓ3ð � È�ÓËÙ°Í�ÉPÈÞßUßUÌQç8Í�×UâËÍ�Óåè°ÝÞÓËÓûÌUÍ|ÐPð¬ÊyÍ1ÓnÍ�ØnÍ�ñ1È�×UâaçøÈ�×UÍYc��e���-ÐnïaÐ ãpd{�hÍ�ß¿ÌUÍ�Ö´ÌfÈ�ØnßâËÍ�í@�YÍ�ÓûÌ¿×@È�ÎyÍ�Ó¨!$ØË×¿Ê�Ì�S|�n×UÝÞÓûÌ7Ñ$ÓnâC÷EÝ°È�×Uâ c�!F��Ñ�÷�d¯hon0n�k�P-ý°ÝÞÓ âËÍ�íêâaÊyÍ�ì´Ê�Ù|ÓPÈ�ÎyÍ�âËÍ�×7éfØnÍ�Î�ÎyÍ�ÓËè|È�í7òí&Í�×¿ÓëâaÊ�Ù|Ê�Ì@È�Î�Êyß¿ÊyÍ�×¿Ì�ØËÓnâ³ý°Í�×@È�×B�!Í�Ê�ÌUÍ�Ì�ç8Í�×UâËÍ�ÓQPnÓPÈÞàUÖnâËÍ�íùß¿ÊyÍ1ß¿É!Í ��ÊyÍ�Î�ÎyÍ$'�Í�×Uß¿Ì���×¿è°Í�×¿è|È�×¿ÌUÍ�Ó3âaØË×UàUÖËÎ\È�ØaÔ�Í�ÓÖPÈD�!Í�Ó-Ð[ð�È�ÓnÍ �hÍ�Ó�ç�ØË×UâËÍ�Ó�ý°ÝÞí@�øÑ]�e�;Í�Ó´Ì¢ç�Êyà@è°Í�Î�ÌUÍ�÷�È�Ønß¿ÌUÍ�Ê�ÓnÍ7Ê�Ó´ÌUÍ�Ù|×¿ÊyÍ�×¿ÌVPWâaÊyÍ°��ØË×�Ñ$×óÔ�ÈÞßUß¿ØËÓËÙ³ý°ÝÞÓÜrÍ�íJÉhÍ�×@È�Ì¿ØË×¿ÉË×UÝ"�!Í�Ó ý°Í�×¿ç8Í�ÓnâËÍ�Ì1ç8Í�×UâËÍ�Ó-Ð7�fÎ�ÎyÍ Ç ÝÞíJÉ!ÝÞÓnÍ�ÓûÌUÍ�Ó�ß¿Ê�Ónâ3Õ��hÍ�×¬Í�Ê�ÓnÍ�ÓR�v�$� ò¢÷8Ønßfý°Í�×¿ÓnÍ�ÌB��ÌØËÓnâ�íJÊ�ÌQÍ�Ê�ÓnÍ�í��øÝÞíJÉËØËÌUÍ�×���ØË×¬ì´ÌUÍ�ØnÍ�×¿ØËÓËÙ�ý°Í�×B�ËØËÓnâËÍ�Ó-Ð



ØB¢ ( £ 206<5l/<208?Ù7+\¦.+4ÚÎÚ76T8\Ú6�4ç,Ú.6T206��724Ù78

	 ththZÇÒ´kW]-T-uJ�}Ô M.ÔQðfÊyÍ�ÓnÍ�ØnÍ�� ØnßUÎyÍ�ßUÍ�Í�ÎyÍ�è´Ì¿×UÝÞÓËÊ�è�Ô§ÕË× âaÊyÍE��Î�ÕnßUß¿Ê�ÙÞò��f×¿Ù°ÝÞÓaò�� Í�Ê�ÓËÖnÍ�Ê�ÌUß¿í&Í�ßUßUØËÓËÙnÐ
� í Ç�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×QâËÍ�ßEð � ò¢ð1Í�ÌUÍ�è´ÌUÝÞ×Uß�ç�ØË×UâËÍ�È�ÓI
¿Í�âËÍ�í Ç1×BS°Ý|ßUÌ@È�ÌUÍ�Ó³Í�Ê�ÓnÍ1ßUÝÞÎyà@ÖnÍE� ØnßUÎyÍ�ßUÍ�Í�Ê�ÓËÖnÍ�Ê�ÌÍ�Ê�ÓËÙ°Í �PÈ�ØËÌYÐð1Í�×�ì´ÌUÍ�ØnÍ�×Uà�ÝÞíJÉËØËÌUÍ�×�ßRÈ�íJí&Í�Î�Ì�âaÊyÍ�ð�È�ÌUÍ�Ó ß���í Ì¿Î�Êyà@ÖnÍ�×|�fØnß¿ÎyÍ�ßUÍ�è|È�Ó0��ÎyÍ�âËÍ�ßÎ� Í�Ê�ÓËÖnÍ�Ê�ÌUß¿ò�Ìe�!Í�×óòçøÈÞà@ÖûØËÓËÙ°ßUß&SMß¿ÌUÍ�í&ßfØËÓnâW�!Í�×UÍ�àUÖËÓnÍ�Ì ânÈ�×@È�ØnßfâaÊyÍ�� Í�Ê�ÓËÖnÍ�Ê�ÌfâËÍ�ß{ðnÕnßUß¿Ê�Ù°Í�Ó��f×¿Ù°ÝÞÓnß�Ê�ÓëâËÍ�ÓëØËÓ´ÌUÍ�×UßUàUÖËÊyÍ�âMòÎ�ÊyàUÖnÍ�Ó~Ç1×BS°Ý|ß¿Ì@È�ÌUÍ�Ó-Ðaª í(âaÊyÍ�ß@ÍW�¢ÓaÔ�ÝÞ×¿í�È�Ì¿ÊyÝÞÓnÍ�ÓdÔjÕË×&âaÊyÍ³ð1Í�ÌUÍ�èMÌUÝÞ×¿è°ÝÞÓûÌ¿×UÝÞÎ�ÎyÍåý°Í�×óÔjÕËÙp�PÈ�×¯��Ø*í�ÈÞà@ÖnÍ�ÓQPç8Í�×UâËÍ�Ó�ß¿ÊyÍ1Õ��!Í�×QÍ�Ê�ÓnÍ�Ó3ÑF!F�B��ìûò�ìMÍ�×¿ý°Í�×¬Í��aÉ!ÝÞ×¿Ì¿ÊyÍ�×¿ÌYÐ
�¢í��¬È�ÖËí&Í�Ó�âaÊyÍ�ßUÍ�×�� ×B�!Í�Ê�Ì1ç�ØË×UâËÍ�Ó�ç8Í�ßUÍ�Ó´Ì¿Î�ÊyàUÖnÍ�÷øÍ�Ê�Ì¿×���Ù°Í���ØË×1Ñ�ÓûÌ¢ç�Êyà@è´Î�ØËÓËÙ�ØËÓnâR��Ónß¿Ì@È�Î�Î\È�Ì¿ÊyÝÞÓâËÍ�×&ÓnÍ�ØnÍ�Ó � ØnßUÎyÍ�ßUÍ�Í�ÎyÍ�è´Ì¿×UÝÞÓËÊ�è*ßUÝ�ç�ÊyÍA��ØlÑ$ÓûÌ�ç�ÊyàUèMÎ�ØËÓËÙ ØËÓnâ~÷EÍ�Ì¿×¿ÊyÍ �~âËÍ�×�Í�×óÔ�ÝÞ×UâËÍ�×¿Î�ÊyàUÖnÍ�Ó ìMÝ�Ô§Ì¢çEÈ�×UÍÙ°Í�ÎyÍ�Êyß¿ÌUÍ�ÌYÐ
s}¸>n7¸�®q¸�ï¹¸.ã4¿�Å��Fº<É7áVÈDã4å|ºláVºTÈ<¸��fØ�y°Í�×¿ÖPÈ�Î�� âËÍ�ß&Ç�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×Uß�Êyß¿Ì&Í�Ê�ÓlìTSaß¿ÌUÍ�í ý°ÝÞÓ ômS°ÝÞÓnâËÍ�òÌUÍ�èMÌUÝÞ×UÍ�Ó*Ê�Ónß¿Ì@È�Î�Î�ÊyÍ�×¿ÌVP$ânÈÞß���ÖËÓËÎ�ÊyàUÖ_ç�ÊyÍ³ânÈÞßJÇ�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×JÔ�ÈÞß¿ÌJâËÍ�ÓdÙ°Í�ß@È�í ÌUÍ�ÓÁ�fÈ�ØËí ç�Ê�ÓËè°Í�Î��!Í�×UÍ�ÊyàUÖÈD�!âËÍ�àUèMÌYÐWð¬ÊyÍ&Ê�ÓËÓnÍ�×Uß¿ÌUÍY�WÈ�Ù°ÍÎc��rdr�hÍ��nÓnâËÍ�Ì7ß¿ÊyàUÖ âaÊ�×UÍ�è´Ì7È�Ø�y°Í�×¿ÖPÈ�Î��*âËÍ�ß¸Ç�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×UßYÐ�ð�È�ÓËÓ�Ô�ÝÞÎ�Ù|ÌÍ�Ê�Ó�ÜWÝÞ×UÝÞÊyâaí�È�Ù|ÓnÍ�Ì7È�Ønß1í�ÈÞßUß¿Ê�ý°Í�íäÑ$ÊyßUÍ�ÓQP[âËÍ�×�Í�Ê�ÓË�nÍ�Îyâ ý°ÝÞÓ�Û³Ü Í�×B�YÍ�ØËÙ|ÌYÐ[ð�ÈÞß�Ñ$ÊyßUÍ�ÓQP[ânÈÞß1Õ��!Í�×@È�Î�ÎíJÊ�ÓnâËÍ�ß¿ÌUÍ�ÓnßQÍ�Ê�ÓnÍ�ð¬Êyà@è°Í1ý°ÝÞÓ�Ï1íùÈ�ØaÔjçøÍ�Êyß¿ÌVPËâaÊyÍ�ÓûÌQÓËÊyà@ÖûÌQÓ´ØË× È�Îyß��QÕnà@è<ðnØ�y 
¿ÝMàUÖ³Ô§ÕË×EânÈÞß ô�È�Ù|ÓnÍ�ÌóÔ�Í�Îyâ}PßUÝÞÓnâËÍ�×¿Ó�È�ØnàUÖY��ØË×v�	�nßUÝÞ×¿ÉËÌ¿ÊyÝÞÓ�ÖPÈÞâa×UÝÞÓËÊyßUàUÖnÍ�× ìMà@ÖPÈ�ØnÍ�×VPMâaÊyÍfÊ�í Ç�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×EÓnÝMàUÖ�ÓËÊyàUÖ´Ìøý°ÝÞÎ�ÎyßUÌ���ÓnâaÊ�ÙÈD�nßUÝÞ×B�ËÊyÍ�×¿Ì�ç�ØË×UâËÍ�Ó-Ð?�fØ�y°Í�×¿ÖPÈ�Î��ëâaÊyÍ�ßUÍ�ßQô È�Ù|ÓnÍ�ÌUß{�!Í��nÓnâËÍ�Ó3ß¿ÊyàUÖW��çøÍ�Ê[ç8Í�Ê�ÌUÍ�×UÍ�ð1Í�ÌUÍ�èMÌUÝÞ×¿Î\È�Ù°Í�ÓUc§÷rPo�wdÔ§ÕË×Qô�S°ÝÞÓnÍ�Ó-Ð
�¢íÞ#hÍ�Ó´Ì¿×@È�Î��hÍ�×UÍ�Êyà@Ö>âËÍ�ßWô�S°ÝÞÓnâËÍ�ÌUÍ�èMÌUÝÞ×UßVP�âËÍ�×[ælÊ�ÓËè°Í�Îl�ËÊyß |η| < 1.0

ÈD�!âËÍ�àUèMÌVP�ç8Í�×UâËÍ�ÓI!$×UÝÞÉhÝÞ×¿Ì¿ÊyÝÞÓPÈ�Î�òð¬×¿Ê�ÔjÌ¿×&OÞÖË×UÍ�Ó³Í�Ê�ÓËÙ°Í�ßUÍ�ÌB��ÌVPaâËÍ�×UÍ�ÓW� ÓnÝMâËÍ�Ónâa×���ÖûÌUÍ¬×UÍ�à@ÖûÌ¢ç�Ê�ÓËèMÎ�Ê�Ù���ØË×Qì´Ì¿×@È�ÖËÎ\ÈÞàUÖnßUÍ�È�ÓËÙ°Í�ÝÞ×UâaÓnÍ�Ì�ß¿Ê�Ónâ�ØËÓnââaÊyÍ>âaÊyÍ¸ð¬×¿Ê�Ô§ÌUß¿Ì¿×UÍ�àUè°Í¸íJÊ�Ì¬Í�Ì�çøÈ�Ï¸íJí¶�fØ�ð0O|ß¿ØËÓËÙ³Í�×¿íJÊ�Ì¿ÌUÍ�Î�Ó-Ð}#NØnßé��ÌB��Î�ÊyàUÖ Êyß¿Ì¬Ê�ÓËÓnÍ�×¿ÖPÈ�Î�� âËÍ�×r� ò��WÈ�Ù°ÍÓnÝMàUÖ Í�Ê�ÓnÍR�WÈ�Ù°Í�È�Ønß3ìT��Ê�Ó´Ì¿Ê�Î�Î\È�ÌUÝÞ×B����ÖËÎyÍ�×¿Ó È�ÓËÙ°Í �Ë×@ÈÞà@ÖûÌVP âaÊyÍ�Í�Ê�ÓnÍ
φ
ò�ìMÍ�Ù|í&Í�ÓûÌ¿ÊyÍ�×¿ØËÓËÙ~ý°ÝÞÓ önÐ�Ú ◦ ÖPÈ�ÌØËÓnâ&ÖPÈ�ØËÉËÌUßé�ÞàUÖËÎ�ÊyàUÖW��Ø³Ü-×¿Ê�Ù|Ù°Í�×B��çøÍ�àUè°Í�Ó3âaÊyÍ�Ó´ÌEØËÓnâ�âaÊyÍE#hÍ�Ê�Ì@È�Ø�ð0O|ß¿ØËÓËÙ7ý°ÝÞÓ�ômS°ÝÞÓnÍ�Ó�ý°Í�×B�!Í�ßUßUÍ�×¿ÌYÐ�#NØË×

ªfÓûÌUÍ�×Uâa×¿ÕnàUèMØËÓËÙ7ý°ÝÞÓ�ômS°ÝÞÓnÍ�Ó�È�Ønß8ñ$OÞÖnÍ�Ónß¿Ì¿×@È�ÖËÎ�ØËÓËÙ7Ù|Ê��ËÌ8Í�ßEÈ�Ø�y°Í�×¿ÖPÈ�Î���âËÍ�×w��ò��WÈ�Ù°Ífç8Í�Ê�ÌUÍ�×UÍ�ìT��Ê�Ó´Ì¿Ê�Î�òÎ\È�Ì¿ÊyÝÞÓnßB����ÖËÎyÍ�×YÐ



( £ Ø £ Ú76T8mÚX�4ç,Ú76T206��72.Ù78 Ø Ö
��Ó�âËÍ�Ó�Ñ$Ónâaè|È�ÉËÉhÍ�Ó³çøÍ�×UâËÍ�Ó³ôåÊ�ÓËÊ�ò¢ð¬×¿Ê�ÔjÌ¿×&OÞÖË×UÍ�Ó�ý°Í�×¿çøÍ�ÓnâËÍ�Ì�ØËÓnâ�
¿Í�âËÍ¬âËÍ�×Eâa×UÍ�Ê7�WÈ�Ù°Í�Ó³Êyß¿Ìv��Ønß���ÌB��òÎ�Êyà@Ö�íJÊ�Ì>ìT��Ê�ÓûÌ¿Ê�Î�Î\È�Ì¿ÊyÝÞÓnß&����ÖËÎyÍ�×¿Óuc>ô.þDº<ùu��d¬ý°Í�×UßUÍ�ÖnÍ�Ó-ÐWðfÊyÍ�Ñ$ÓnâaèÞÈ�ÉËÉ!Í�ÓCâËÍ�à@è°Í�Ó�âËÍ�Ó|!�ß@Í�ØnâËÝÞ×@È�ÉËÊyâaÊ�Ì���ÌUßóò

�!Í�×UÍ�ÊyàUÖëý°ÝÞÓ
1.0 < |η| < 2.0

ÈD�-ÐÑ$Ê�ÓnÍ�ý°ÝÞÎ�ÎyßUÌ���ÓnâaÊ�Ù°Í�ØËÓnâ3È�ØnßóÔ§ÕËÖË×¿Î�ÊyàUÖnÍ¸÷EÍ�ßUàUÖË×UÍ�Ê��ËØËÓËÙ�âËÍ�ßQô�S°ÝÞÓnß&SMß¿ÌUÍ�í&ßw�nÓnâËÍ�Ì ß¿ÊyàUÖ3Ê�ÓËhon?s�k¢Ð
s}¸>n}¸,Í}¸N¹�ÈD»�Ê0Ê4º<ÈT¸Eª í âaÊyÍ3ý°ÝÞí ð1Í�ÌUÍ�è´ÌUÝÞ×�×UÍ�Ù|Êyß¿Ì¿×¿ÊyÍ�×¿ÌUÍ�ÓÿÇ ÝÞÎ�Î�Êyß¿ÊyÝÞÓnÍ�Ó È�ØaÔ���Ø��YÍ�Êyà@ÖËÓnÍ�ÓQPøÊyß¿Ì�Í�Ê�ÓnÍÈ�ØaÔ§ç8Í�ÓnâaÊ�Ù°ÍëìMÍ�ÎyÍ�èMÌ¿ÊyÝÞÓ ØËÓnâU'�ÝÞ×¿ý°Í�×@È�×B�!Í�Ê�Ì¿ØËÓËÙ�ÓnÝÞÌ¢ç8Í�ÓnâaÊ�ÙnÐ]#NØËÓ0�Þà@Önß¿Ì7ç8Í�×UâËÍ�Ó_âaÊyÍ�ì´Ê�Ù|ÓPÈ�ÎyÍ�Ê�Ó*È�Î�ÎyÍ�Ó

�fØnß¿ÎyÍ�ßUÍ�è|È�Ó0��ÎyÍ�Ó&ý°Í�×Uß¿Ì���×¿èMÌ�ØËÓnâ�âaÊ�Ù|Ê�Ì@È�Î�ÊyßUÊyÍ�×¿ÌVPûßUÝ�ânÈÞßUß8âaÊyÍ���ÓaÔ§ÝÞ×¿í�È�Ì¿ÊyÝÞÓnÍ�Ó�ý°ÝÞÓY�øÝÞíJÉËØËÌUÍ�×¿Ó�ý°Í�×@È�×B�!Í�Ê�òÌUÍ�Ì1ç8Í�×UâËÍ�Ó�èlOÞÓËÓnÍ�Ó-Ð7�°Í�âËÍ�ß�Ñ�×UÍ�Ê�Ù|ÓËÊyßr�hÍ�Ó?OÞÌ¿Ê�Ù|Ì�Í�Ì¢çEÈ�Û|Ú|ú�èM÷ ô�ÈÞßUß@Í�Ónß¿ÉhÍ�Êyà@ÖnÍ�×YÐ!ð1ÈÞß¬ÖPÈ�Ìr��ØË×E�nÝÞÎ�Ù°ÍpPânÈÞßUß8íJÊ�Ì8âËÍ�×øý°Í�×óÔ§ÕËÙp�PÈ�×UÍ�Ó�ÜrÍ�àUÖËÓnÝÞÎyÝÞÙ|ÊyÍ1ÓûØË×EÍ�Ì¢çEÈ7Ú|ú Ñ$×UÍ�Ê�Ù|ÓËÊyß@ßUÍ ÉË×UÝ7ìMÍ�è´ØËÓnâËÍ Ô�Í�ß¿Ì¿Ù°Í�ÖPÈ�Î�ÌUÍ�Ó�çøÍ�×UâËÍ�ÓèlOÞÓËÓnÍ�Ó-Ð}��Ó�âËÍ�×�ßUÍ�Î��hÍ�ÓCá¬×&O"y°Í�ÓnÝÞ×UâaÓ´ØËÓËÙ3Î�ÊyÍ�Ù|Ì È�Ønà@Ö�âaÊyÍJá�Í�ßUàUÖ´ç�Ê�ÓnâaÊ�Ù|è°Í�Ê�ÌVP-íJÊ�Ì�âËÍ�×�âaÊyÍ��øÝÞíJÉËØËÌUÍ�×âËÍ�×e�fÍ�è°ÝÞÓnß¿Ì¿×¿ØËèMÌ¿ÊyÝÞÓnßóÔ�È�×¿í âaÊyÍ�È�ØaÔjÙ°Í �YÍ�Êyà@ÖËÓnÍ�ÌUÍ�Ó�ð�È�ÌUÍ�ÓåÈ�ÓPÈ�Î�Saß¿ÊyÍ�×UÍ�ÓëèlOÞÓËÓnÍ�Ó-Ð
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�nè|È�Ì¿ÊyÝÞÓ�ý°ÝÞ×�È�Î�ÎyÍ�íüâaÊyÍ�Ña����ÊyÍ�Ó�� âËÍ�× ì´Ê�Ù|ÓPÈ�ÎyßUÍ�ÎyÍ�è´Ì¿ÊyÝÞÓ�È�ØnßUßUàUÖËÎ\È�Ù|Ù°Í �!Í�Ónâ[Ðnð¬ÊyÍ¬ý°Í�×UßUàUÖËÊyÍ�âËÍ�ÓnÍ�Ó\ª Ó´ÌUÍ�×óòÙ|×¿ØËÓnâaÉË×UÝ"�YÍ�ßUßUÍ�èlOÞÓËÓnÍ�Óåß¿É0��ÌUÍ�×�íJÊ�Ì ßUÉhÍ ��ÊyÍ�Î�ÎyÍ�Ó�ìMÍ�ÎyÍ�èMÌ¿ÊyÝÞÓnßUßUà@ÖËÓËÊ�Ì¿ÌUÍ�Ó3×UÍ�âaØ���ÊyÍ�×¿Ìfç8Í�×UâËÍ�Ó-Ðð¬ÊyÍE��âËÍ�Ó´Ì¿Ê�nèÞÈ�Ì¿ÊyÝÞÓëý°ÝÞÓëÑ�ÎyÍ�è´Ì¿×UÝÞÓnÍ�Óåè°ÝÞÓ��YÍ�ÓûÌ¿×¿ÊyÍ�×¿ÌfßUÊyàUÖ3È�ÎyßUÝ&È�ØaÔ�Í�Ê�ÓnÍ1ÖnÝÞÖnÍ�Ñz����ÊyÍ�Ó����!Í�Ê[Ù|×UÝ"y°Í�ÓÜ-×@È�ÓnßUý°Í�×Uß@È�Î�Ê�íJÉËØËÎyßUÍ�Ó_c

p 2 > 20
á1Íx'fd�Ð[Ç1ÎyÍ�Ê�ÓnÍ&ÜW×@È�Ónß¿ý°Í�×Uß@È�Î�Ê�íJÉËØËÎyßUÍ�ß¿Ê�Ónâ Ê�Ó�âaÊyÍ�ßUÍ�×��fÓPÈ�Î�SMßUÍ7ÓËÊyà@ÖûÌý°ÝÞÓ ��ÓûÌUÍ�×UÍ�ßUßUÍpP�ânÈdâaÊyÍË�hÍ�Ì¿×@ÈÞà@ÖûÌUÍ�ÌUÍ�ÓÞ!�×UÝ"�YÍ�ßUßUÍpP�Ê�ÓnßB�!Í�ßUÝÞÓnâËÍ�×UÍ�âËÍ�×m#hÍ�×óÔ�È�Î�Î�æ → eνe

PEÊ�Ó´Ì¿×¿Ê�Ónß¿ÊyßUà@ÖÖnÝÞÖnÍ�Ü-×@È�ÓnßUý°Í�×Uß@È�Î�Ê�íJÉËØËÎyßUÍ�âËÍ�ß�Ñ$ÎyÍ�èMÌ¿×UÝÞÓnßQÍ�×B�YÍ�ØËÙ°Í�Ó-Ðnð¬ÊyÍ�Ñ$ÎyÍ�èMÌ¿×UÝÞÓaò���âËÍ�ÓûÌ¿Ê�nè|È�Ì¿ÊyÝÞÓ3ç�Ê�×Uâ³Ê�Ó�Ç�È�É-ÐnÚaÐ�ÛÍ�Ê�ÓËÙ°Í�ÖnÍ�Ónâ3âaÊyßUè´ØËÌ¿ÊyÍ�×¿ÌYÐ÷EÍ�ÊF�°Í�ÌUß1Êyß¿Ì�Í�ß�Í �hÍ�ÓaÔ�È�Î�Îyß�Í�ÓûÌUß@àUÖnÍ�ÊyâËÍ�Ónâ}P-ÖnÝÞÖnÍJÑa����ÊyÍ�Ó��YÍ�Ó�Ô§ÕË×1ânÈÞß ì´Ê�Ù|ÓPÈ�Îa��Ø�Í�×¿ÖPÈ�Î�ÌUÍ�Ó-Ð[ð�ÈD�!Í�Êí Ønß@ß���Ønßé��ÌB��Î�ÊyàUÖ°�hÍ�×¿Õnà@èMßUÊyàUÖûÌ¿Ê�Ù|Ì$çøÍ�×UâËÍ�ÓQP|ânÈÞßUß�âaÊyÍ���ØË×�Ç ÝÞ×¿×UÍ�èMÌ¿ØË×$âËÍ�×a�°Í�ÌUß�ý°Í�×¿ç8Í�ÓnâËÍ�ÌUÍw�°Í�Ìóò¢Ñ$ÓnÍ�×¿Ù|ÊyÍ�òì´è|È�Î\È�Í�×UßUÌfÔ§ÕË×�Ü-×@È�Ónß¿ý°Í�×UßRÈ�Î�Ê�íJÉËØËÎyßUÍ�ÈD�_ÏYÚ�Ý´âËÍ�×�Û|ú�á1Í�' ��ØËý°Í�×¿Î>�ÞßUßUÊ�Ù�Êyß¿ÌYÐ!ð1È�âaÊyÍ°�fÓ���È�ÖËÎ�âËÍ�×r�ûÍ�ÌUßß¿É0��ÌUÍ�× È�Ønà@Ö3È�Îyß ìMÍ�ÎyÍ�è´Ì¿ÊyÝÞÓnß¿èM×¿Ê�ÌUÍ�×¿Ê�ØËíùý°Í�×¿çøÍ�ÓnâËÍ�ÌQç�Ê�×Uâ}PaÊyß¿Ì È�Ønà@ÖëânÈ�×@È�ØaÔ���Ø3ÈÞà@ÖûÌUÍ�ÓQPPânÈÞß@ß�âaÊyÍ$�PÍ�ÖËÎ�Ê�òâËÍ�ÓûÌ¿Ê�nè|È�Ì¿ÊyÝÞÓnß¿×@È�ÌUÍ ØËÓûÌUÍ�×fÇfÝÞÓûÌ¿×UÝÞÎ�ÎyÍb�ËÎyÍ�Ê��ËÌYÐnÇ�È�ÉËÊ�ÌUÍ�ÎrÚaÐ�ïJÍ�×¿Î>��ØËÌUÍ�×¿Ì¬âaÊyÍ�ð1Í�Ì@È�Ê�Îyß âËÍ�×e�°Í�Ìóò�ìMÍ�ÎyÍ�èMÌ¿ÊyÝÞÓ-Ðð¬ÊyÍb��âËÍ�ÓûÌ¿Ê�nè|È�Ì¿ÊyÝÞÓ�ý°ÝÞÓ
b
ò��°Í�ÌUß1ß¿ÌUÍ�Î�Î�Ì�Í�Ê�ÓnÍI�!Í�ßUÝÞÓnâËÍ�×UÍ¸ñ¬Í�×@È�ØnßóÔ�ÝÞ×UâËÍ�×¿ØËÓËÙëânÈ�×YÐNÑ�Ê�ÓnÍ�×UßUÍ�Ê�ÌUß1Êyß¿Ì1âaÊyÍÑz����ÊyÍ�Ó�� âËÍ�×w��âËÍ�ÓûÌ¿Ê�nè|È�Ì¿ÊyÝÞÓë×UÍ�Î\È�Ì¿Ê�ý�Ù°Í�×¿Ê�ÓËÙmcjí�È;�MÊ�í�È�Î[ØËíùÚ|úl¯d�PnÈ�ÓnâËÍ�×UÍ�×Uß@Í�Ê�ÌUß�Ù°Í�ÖûÌQâaÊyÍ�ßUÍ�Ña����ÊyÍ�Ó��

%´ØPÈÞâa×@È�Ì¿ÊyßUàUÖ�Ê�Ó�âaÊyÍ1ìMÍ�ÎyÍ�è´Ì¿ÊyÝÞÓnßUÍ�����ÊyÍ�Ó���âËÍ�ß�ì´Ê�Ù|ÓPÈ�Îyß8Í�Ê�ÓQP´ânÈ�âËÝÞ×¿Ìv��ç8Í�ÊhÊyâËÍ�ÓûÌ¿Ê�?��ÊyÍ�×¿ÌUÍ
b
ò��°Í�ÌUß�ý°Í�×¿Î\È�ÓËÙ|Ìç8Í�×UâËÍ�Ó-Ðv�fÎ�ÎyÍ�×UâaÊ�ÓËÙ°ß�Í�×¿Ù|Ê��ËÌ³ß¿Êyà@Ö~ânÈ�×@È�Ønß�È�ØnàUÖÿâËÍ�×C'�ÝÞ×¿ÌUÍ�Ê�ÎxPEânÈÞßUß�È�ØnàUÖl×UÍ�Î\È�Ì¿Ê�ý_ÖnÝÞÖnÍm�PÍ�ÖËÎyÍ�×¿×@È�ÌUÍ�Ó

c§Í�Ì¢çEÈ�Ï�¯d�ßUàUÖnÝÞÓY��Ø�Í�Ê�ÓnÍ�×øß¿Ì@È�×¿è°Í�ÓNªfÓûÌUÍ�×Uâa×¿Õnà@è´ØËÓËÙ7ý°ÝÞÓ³Ñ$×UÍ�Ê�Ù|ÓËÊyßUßUÍ�Ó�ÝÞÖËÓnÍ
b
ò��°Í�ÌUß�ÔjÕËÖË×¿Ìrc

10−4 ÝMâËÍ�×�!Í�ßUßUÍ�×éd�Ð
Í}¸>n7¸��r¼ÇºTÉ7áVÈ;ã.¿qº9¿

á¬×¿ØËÓnâaÎ\È�Ù°Í>Ô§ÕË×¬âaÊyÍI��âËÍ�Ó´Ì¿Ê�nèÞÈ�Ì¿ÊyÝÞÓ�ý°ÝÞÓ Ñ$ÎyÍ�èMÌ¿×UÝÞÓnÍ�Ó�ß¿Ê�Ónâ�Ñ$ÓnÍ�×¿Ù|ÊyÍ�âËÍ�ÉhÝ|ßUÊ�Ì¿ÊyÝÞÓnÍ�Ó�Ê�Ó�âËÍ�Ó�Í�ÎyÍ�èMÌ¿×UÝ�òí�È�Ù|ÓnÍ�Ì¿ÊyßUà@ÖnÍ�Óm�WÈ�Ù°Í�Ó�âËÍ�ßQÇ�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×Ußbhts6�<k¢Ð
� Îyß�Ç�È�ÓnâaÊyânÈ�ÌUÍ�ÓÿÔ§ÕË×�Ñ$ÎyÍ�èMÌ¿×UÝÞÓnÍ�Óÿç8Í�×UâËÍ�Ó Ñ$ÓnÍ�×¿Ù|ÊyÍ�âËÍ�É!Ý|ß¿Ê�Ì¿ÊyÝÞÓnÍ�Ó Ê�ÓËÓnÍ�×¿ÖPÈ�Î�� Í�Ê�ÓnÍ�ß³Ç ÝÞÓ´Ønß³íJÊ�Ì

∆
�

= 0.25
Ê�Ó>âËÍ�×wc

η, φ)
ò¢Ña�!Í�ÓnÍEý°Í�×¿ç8Í�ÓnâËÍ�ÌVP|âaÊyÍøÍ�Ê�ÓnÍ�Ó>ÜW×@È�Ónß¿ý°Í�×Uß@È�Î�Ê�íJÉËØËÎyß$ý°ÝÞÓ>íJÊ�ÓnâËÍ�ß¿ÌUÍ�Ónß$úaÐ ö�á�Íx'ÖPÈD�!Í�Ó3ØËÓnâ�Í�Ê�ÓnÍ�Ó�Ñ$ÓnÍ�×¿Ù|ÊyÍYÈ�Ó´ÌUÍ�Ê�Î$Ê�í Í�ÎyÍ�èMÌ¿×UÝÞí�È�Ù|ÓnÍ�Ì¿ÊyßUà@ÖnÍ�Ó�Ç�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×¯c&ùu��ù��V÷�ýiõ"ü�ø��pö.ù ÷�þ/�[Ð�ýBø��K÷�þ�õ"ö

  Ñ�ô\�Fdøý°ÝÞÓ�íJÊ�ÓnâËÍ�ß¿ÌUÍ�Ónß1úaÐ�õaÐ
� ØaÔ§Ù|×¿ØËÓnâJâËÍ�×�ßUÍ�ÖË×�ßUà@ÖËí�È�ÎyÍ�Ó&Ì¿×@È�Ónß¿ý°Í�×Uß@È�ÎyÍ�Ó³ìMàUÖPÈ�ØnÍ�×óÔ�ÝÞ×¿í;ý°ÝÞÓ&Í�ÎyÍ�èMÌ¿×UÝÞí�È�Ù|ÓnÍ�Ì¿ÊyßUàUÖnÍ�ÓW�	��
óÍ�èMÌUÍ�Óç�Ê�×UâCâËÍ�×UÍ�Ó Ñ$ÓnÍ�×¿Ù|ÊyÍ�Ì�SMÉËÊyßUàUÖnÍ�×¿çøÍ�ÊyßUÍ�Ê�Ó�Í�Ê�ÓnÍ�íêÇfÝÞÓûØnß7âËÍ�ßI�fÈÞâaÊ�Ønßf�B 1úaÐ�ÛëâËÍ�É!ÝÞÓËÊyÍ�×¿ÌYÐz#NØË×Iª Ó´ÌUÍ�×óòßUà@ÖnÍ�ÊyâaØËÓËÙ�ý°ÝÞÓ_�°Í�ÌUß�ç�Ê�×UâlânÈ�ÖnÍ�×&Ô§ÕË×�Êyß@ÝÞÎ�ÊyÍ�×¿ÌUÍ3Ñ$ÎyÍ�èMÌ¿×UÝÞÓnÍ�Ó~Ù°Í�Ô�ÝÞ×UâËÍ�×¿ÌVPøânÈÞßUß�ÓËÊyà@ÖûÌ�í&Í�ÖË×�È�Îyß�ÏYÚlâËÍ�×fÑ�ÓnÍ�×¿Ù|ÊyÍ Ê�Ó Í�Ê�ÓnÍ�í ÇfÝÞÓûØnß1íJÊ�Ì	�B 1úaÐ ö�È�Ø�y°Í�×¿ÖPÈ�Î���âËÍ�ß¬Í�ÎyÍ�è´Ì¿×UÝÞí�È�Ù|ÓnÍ�Ì¿ÊyßUà@ÖnÍ�Ó�ÜWÍ�Ê�Îyß¬Í�Ê�ÓnÍ�ß	�B 1úaÐ�ÛÇ ÝÞÓ´ØnßQÙ°Í�Ô§ØËÓnâËÍ�Ó3çøÍ�×UâËÍ�Ó3ânÈ�×óÔig

ÊyßUÝÞÎ\È�Ì¿ÊyÝÞÓ
=
Etot(R = 0.4) −Eem(R = 0.2)

Eem(R = 0.2)
< 0.15



¡ £ Ø £ 6T1p6��7248?Ù7+469+ ( ê
æ�Í�Ê�ÌUÍ�×¿ÖËÊ�Ó ç�Ê�×UâÿÙ°Í�ÌUÍ�ß¿ÌUÍ�ÌVP�Ý"� âaÊyÍ\'�Í�×¿ÌUÍ�Ê�Î�ØËÓËÙ âËÍ�×ëÑ$ÓnÍ�×¿Ù|ÊyÍ�âËÍ�É!Ý|ß¿Ê�Ì¿ÊyÝÞÓ Ê�Ó âËÍ�Ó ý°Í�×UßUà@ÖËÊyÍ�âËÍ�ÓnÍ�Ó

�WÈ�Ù°Í�ÓåâËÍ�ßQÇ�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×UßQè°ÝÞÓnß¿ÊyßUÌUÍ�ÓûÌQíJÊ�Ì Í�Ê�ÓnÍ�íüÍ�ÎyÍ�èMÌ¿×UÝÞí�È�Ù|ÓnÍ�Ì¿ÊyßUà@ÖnÍ�Ó�ìMà@ÖPÈ�ØnÍ�× Êyß¿ÌYÐËð�ÈD��Ø�ç�Ê�×Uâ�âaÊyÍß¿Ì@È�Ì¿ÊyßUÌ¿ÊyßUàUÖnÍ7ô�Í�Ì¿ÖnÝ´âËÍ7Í�Ê�ÓnÍ�ß
χ2 ò¢ÜWÍ�ßUÌUßr�PÈÞß¿ÊyÍ�×UÍ�Ónâ�È�ØaÔ8Í�Ê�ÓnÍ�×

8 × 8
ÇfÝYý|È�×¿Ê\È�Ó���í�È�Ì¿×¿Ê��âaØË×Uà@ÖËÙ°Í�ÔjÕËÖË×¿ÌYÐð1Í�×�×UÍ�ß¿ØËÎ�Ì¿ÊyÍ�×UÍ�ÓnâËÍ æ�Í�×¿Ì�ÔjÕË×

χ2 cÇ^¢ñQò¢ô È�Ì¿×¿Ê�nî;`�Pnñfô îldøânÈ�×óÔ�ãÞÚaÐ�ú7ÓËÊyàUÖ´Ì Õ��!Í�×UßUàUÖË×UÍ�Ê�ÌUÍ�Ó-ÐÑ�ß�ß¿ÌUÍ�Ö´Ì�Í�Ê�ÓnÍfçøÍ�Ê�ÌUÍ�×UÍ�Ç Ý�ýÞÈ�×¿Ê\È�Ó���í�È�Ì¿×¿Ê�ëâËÍ�× á¬×&O"y°Í
7× 7

��ØË×{'�Í�×óÔjÕËÙ|ØËÓËÙ?PaâaÊyÍ1Í�Ê�Ó³ý°Í�×B�hÍ�ßUß@Í�×¿ÌUÍ�ß
χ2 Í�×B��ÊyÍ�Î�ÌYÐNð1Í�×fìMàUÖËÓËÊ�Ì¿ÌfânÈ�×@È�ØaÔ$ç�Ê�×UâW�!Í�Ê

χ2(
ñ¬ô ã

) < 30
È�ÓËÙ°Í�ß@Í�ÌB��ÌYÐð�È&Ñ$ÎyÍ�èMÌ¿×UÝÞÓnÍ�Ó Ù°Í�Î\ÈÞâËÍ�ÓnÍ¸ÜrÍ�Ê�ÎyàUÖnÍ�Ó�ß¿Ê�Ónâ}PPÖËÊ�ÓûÌUÍ�×¿Î\ÈÞßUß@Í�Ó�ß¿ÊyÍ Ê�í ì´ÉËØË×UâËÍ�ÌUÍ�èMÌUÝÞ×¯c�ìMôåÜ ØËÓnâ\�v��ÜedÍ�Ê�ÓnÍJì´ÉËØË×YÐQ#NØË×$��âËÍ�ÓûÌ¿Ê�nè|È�Ì¿ÊyÝÞÓ ý°ÝÞÓ�Ñ$ÎyÍ�èMÌ¿×UÝÞÓnÍ�Ó�ý°Í�×¿Î\È�ÓËÙ|Ì1í�È�ÓQPNânÈÞß@ßfâËÍ�í Ç�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×óò��	��
¿Í�è´Ì�Í�Ê�òÓnÍ�ì´ÉËØË×X��ØËÙ°Í�ÝÞ×UâaÓnÍ�Ì�çøÍ�×UâËÍ�Ó èÞÈ�ÓËÓ-Ðøð¬ÊyÍ éfØPÈ�Î�Ê�Ì���Ì�âaÊyÍ�ßUÍ�×A#NØnÝÞ×UâaÓûØËÓËÙ èÞÈ�ÓËÓlíJÊ�Ì�Í�Ê�ÓnÍ�í

χ2 ò¢ÜrÍ�ß¿ÌÕ��!Í�×¿ÉË×¿ÕaÔjÌfç8Í�×UâËÍ�ÓQPNÊ�Ó3âËÍ�ÓåâaÊyÍ�×UÍ�Î\È�Ì¿Ê�ý°Íb�WÈ�Ù°Í ý°ÝÞÓåÇ�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×UÝ"��
¿Í�è´Ì¬ØËÓnâ�ì´ÉËØË×VPNßUÝYç�ÊyÍ çøÈ�ÖËÎ�çøÍ�ÊyßUÍâËÍ�×UÍ�ÓëÑ Ï Éaòx'�Í�×¿Ö0��Î�Ì¿ÓËÊyßfÍ�Ê�ÓËÙ°Í�ÖnÍ�Ó-ÐËð�ÈÞßøÑ Ï Éaòx'�Í�×¿Ö0��Î�Ì¿ÓËÊyßQÊyß¿Ì�ânÈÞß{'�Í�×¿Ö0��Î�Ì¿ÓËÊyß È�Ønß�âËÍ�×EÊ�í Ç�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×âËÍ�É!ÝÞÓËÊyÍ�×¿ÌUÍ�Ó�Ñ�ÓnÍ�×¿Ù|ÊyÍ ØËÓnâ�âËÍ�í;Ê�í ì´ÉËØË×UâËÍ�ÌUÍ�èMÌUÝÞ×EÙ°Í�í&Í�ßUßUÍ�ÓnÍ�ÓY�¢íJÉËØËÎyßøâËÍ�ß�ÜrÍ�Ê�ÎyàUÖnÍ�ÓnßYÐ���ÕË×8Ñ$ÎyÍ�èMÌ¿×UÝ�òÓnÍ�Ó�Êyß¿Ì1âaÊyÍ�ßUÍ�ße'�Í�×¿Ö0��Î�Ì¿ÓËÊyß1ÓPÈ�ÖnÍ³ÏpPhânÈ�Ñ�ÎyÍ�è´Ì¿×UÝÞÓnÍ�Ó ÉË×@È�èMÌ¿ÊyßUàUÖ Ê�ÖË×UÍ¸Ù°Í�ß@È�í ÌUÍ>èMÊ�ÓnÍ�Ì¿ÊyßUàUÖnÍ7Ñ$ÓnÍ�×¿Ù|ÊyÍ7Ê�íÇ�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�× âËÍ�É!ÝÞÓËÊyÍ�×UÍ�Ó�ØËÓnâ Ê�ÖË×UÍJô ÈÞßUßUÍ>ßUÝ�Ù°Í�×¿Ê�ÓËÙ�Êyß¿ÌVP[ânÈÞßUß1ß¿ÊyÍ>èÞÈ�ØËí���ØË×1Ù°Í�í&Í�ßUß@Í�ÓnÍ�Ó�Ñ$ÓnÍ�×¿Ù|ÊyÍ
�!Í�Ê�Ì¿×���Ù|ÌYÐaÑ$Ê�ÓnÍ¬ÓnÍ�ØnÍ�×UÍ�Ñ$ÓûÌ�ç�ÊyàUèMÎ�ØËÓËÙ�Í�×UßUÍ�ÌB��Ì�âaÊyÍ�ßUÍ�ß{'�Í�×óÔ�È�ÖË×UÍ�Ó³âaØË×Uà@ÖëÍ�Ê�ÓnÍr�[Ê�è°Í�Î�Ê�ÖnÝ´ÝMâMò¢ô�Í�Ì¿ÖnÝ´âËÍpPaÊ�ÓâaÊyÍ�ç8Í�Ê�ÌUÍ�×UÍX�¢ÓaÔ�ÝÞ×¿í�È�Ì¿ÊyÝÞÓnÍ�Ó Õ��hÍ�×>âaÊyÍX�	��
¿Í�è´ÌUÍ�Í�Ê�ÓËÙ°Í�ÖnÍ�Ó�ØËÓnâ âaÊyÍ�âËÍ�×

χ2 ò¢ô�Í�Ì¿ÖnÝ´âËÍ�Õ��hÍ�×¿ÎyÍ�Ù°Í�Ó Êyß¿Ìc§ß¿ÊyÍ�ÖnÍ¸ÚaÐ�ÛaÐ öTd�Ð
��Ó�âaÊyÍ�ßUÍ�×��f×B�!Í�Ê�Ì�ç8Í�×UâËÍ�Ó�È�ØnßUßUà@ÖËÎ�ÊyÍ y|Î�ÊyàUÖ³Ñ$ÎyÍ�è´Ì¿×UÝÞÓnÍ�Ó�ý°Í�×¿ç8Í�ÓnâËÍ�ÌVPaâaÊyÍ�Ê�í �YÍ�ÓûÌ¿×@È�ÎyÍ�Ó³Ç�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×

cx�w�wdWÓPÈÞàUÖËÙ°Í�ç�ÊyÍ�ß@Í�Ó&ç�ØË×UâËÍ�ÓQP°â[Ð Ö-Ð |η| < 1.1
Ð|Ñ$Ê�ÓnÍwÌ	�hÍ�×UßUÊyàUÖûÌ$Õ��!Í�×$âaÊyÍQìMÍ�ÎyÍ�è´Ì¿ÊyÝÞÓnßUß@àUÖËÓËÊ�Ì¿ÌUÍEÔ§ÕË×�Ñ�ÎyÍ�èûòÌ¿×UÝÞÓnÍ�Ó&ÊyßUÌ$Ê�Ó&ÜrÈD�!Í�Î�ÎyÍ ÚaÐ�Ïw��Ønß@È�íJí&Í�ÓËÙ°Í�ß¿ÌUÍ�Î�Î�ÌYÐ´ð¬ÊyÍ�÷øÍ�âaÊ�ÓËÙ|ØËÓËÙ°Í�Ó�ÔjÕË×$ÎyÝ|ß@Í ìMÍ�ÎyÍ�è´Ì¿ÊyÝÞÓ&ØËí7Ô�ÈÞßUßUÍ�Ó�ânÈD�hÍ�ÊâaÊyÍ	�hÍ�×UÍ�Ê�ÌUß{�!Í�ß¿ÉË×UÝMàUÖnÍ�ÓnÍ�Ó�Ç1×¿Ê�ÌUÍ�×¿ÊyÍ�Ó³Ô§ÕË×øâËÍ�Ó³Í�ÎyÍ�è´Ì¿×UÝÞí�È�Ù|ÓnÍ�Ì¿Êyß@àUÖnÍ�Ó3Ñ$ÓnÍ�×¿Ù|ÊyÍYÈ�Ó´ÌUÍ�Ê�Î-Ê�í Ç�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×VPâaÊyÍW��ßUÝÞÎ\È�Ì¿ÊyÝÞÓQP$ßUÝ�ç�ÊyÍëñfô�ã3ØËÓnâ_ñ¬ô�îaÐ�ìMÝÞÎ�Î âaÊyÍW�[Ê�è°Í�Î�Ê�ÖnÝMÝMâMò¢ôåÍ�Ì¿ÖnÝMâËÍW��ØË×&Í�ÓnâaÙ|ÕËÎ�Ì¿Ê�Ù°Í�ÓÿìMÍ�ÎyÍ�èMÌ¿ÊyÝÞÓý°Í�×¿çøÍ�ÓnâËÍ�Ì>çøÍ�×UâËÍ�ÓQP�ç�Ê�×Uâ|��Ønß���ÌB��Î�Êyà@ÖdÙ°Í�Ô§ÝÞ×UâËÍ�×¿ÌVP�ânÈÞßUß>ß¿ÊyÍ��!Í�×UÍ�àUÖnÍ�ÓT�PÈ�×JÊyß¿ÌYc��[Ê�è°Í�Î�Ê�ÖnÝMÝMâdä úld�Ðrð¬ÊyÍÖPÈ�×¿ÌUÍ�ìMÍ�ÎyÍ�è´Ì¿ÊyÝÞÓ�Ô�ÝÞ×UâËÍ�×¿Ì�Ô§ÕË×EâaÊyÍ	�[Ê�è°Í�Î�Ê�ÖnÝMÝMâMò¢ôåÍ�Ì¿ÖnÝMâËÍ1Í�Ê�ÓnÍ�Ó�æ�Í�×¿Ìøý°ÝÞÓ�íJÊ�ÓnâËÍ�ß¿ÌUÍ�ÓnßQúaÐ ö¸ØËÓnâ�Ô§ÕË×8âaÊyÍ

χ2 ò¢ô�Í�Ì¿ÖnÝMâËÍ χ2 > 0.01
Ð

Í7¸>n}¸�j4¸�Ëå�æ<»�ºT¿hæ�Â�º<È��$¼�º<É7áVÈDã4¿�ºT¿Qî�¶Yº<É0ã.¿qÅVáVÈDÀ�É7á�»�ã4¿]¸$��ÕË×$
óÍ�âËÍ³ô�Í�ßUß¿ØËÓËÙ Êyß¿ÌJÍ�ß7ç�ÊyàUÖ´Ì¿Ê�Ù?PâaÊyÍ�Ñz����ÊyÍ�Ó��ëâËÍ�×JÍ�Ê�Ó��YÍ�Î�ÓnÍ�Ó�� ÓPÈ�Î�SaßUÍ�ßUà@ÖË×¿Ê�Ì¿ÌUÍX��ØU�!Í�ß¿Ì¿Ê�íJí&Í�Ó-ÐF#NØËÓ0�ÞàUÖnß¿ÌJí¸ØnßUßI�hÍ�è|È�ÓËÓûÌJßUÍ�Ê�ÓQPríJÊ�ÌçøÍ�ÎyàUÖnÍ�×�Ñz����ÊyÍ�Ó��QâËÍ�×a� Í�è°ÝÞÓnßUÌ¿×¿ØËè´Ì¿ÊyÝÞÓnß@È�Î�Ù°ÝÞ×¿Ê�Ì¿ÖËí¸Ønß$Ô§ÕË×�Ñ�ÎyÍ�è´Ì¿×UÝÞÓnÍ�Ó&âaÊyÍ�ßUÍøÌ@È�ÌUß��Þà@ÖËÎ�ÊyàUÖ°�nÓnâËÍ�ÌYÐ|ð¬ÊyÍ�ßUÍô�Í�ßUß¿ØËÓËÙ7ç�ØË×UâËÍ1ý°ÝÞÓëâËÍ�×QÑ�ô3ò���ð á¬×¿ØËÉËÉ!Í1âaØË×UàUÖËÙ°Í�Ô§ÕËÖË×¿Ìbhts9��k[ØËÓnâ³í�È�ÓëÍ�×¿Ö0��Î�ÌQÍ�Ê�ÓnÍE� Í�è°ÝÞÓnß¿Ì¿×¿ØËèMÌ¿Ê�òÝÞÓnßUÍ�����ÊyÍ�Ó���ý°ÝÞÓ
εDaten = 84.08 ± 0.86

�ÐË÷EÍ�Ê[ß¿Ê�í¸ØËÎ�ÊyÍ�×¿ÌUÍ�ÓëÑ$×UÍ�Ê�Ù|ÓËÊyßUßUÍ�Ó�Êyß¿ÌEâaÊyÍ�ßUÍ1Í�Ì¢çEÈÞß�Ö?OÞÖnÍ�×EØËÓnââËÍ�× ÇfÝÞ×¿×UÍ�è´Ì¿ØË×óÔ�È�èMÌUÝÞ×QÊyß¿Ì
εDaten/εMC = 0.87

Ð
ªfí âaÊyÍ\#NØnß@È�íJí&Í�Ónß@Í�ÌB��ØËÓËÙ âËÍ�×�ß@Í�ÎyÍ�è´Ì¿ÊyÍ�×¿ÌUÍ�ÓlÑ$×UÍ�Ê�Ù|ÓËÊyßUßUÍ�È�Ønß&Í�àUÖ´ÌUÍ�Ó~ØËÓnâ_Ô§Í�ÖËÎ�ÊyâËÍ�Ó´Ì¿Ê�?��ÊyÍ�×¿ÌUÍ�ÓÑ$ÎyÍ�èMÌ¿×UÝÞÓnÍ�ÓË�!Í�×UÍ�àUÖËÓnÍ�ÓË��Ø èlOÞÓËÓnÍ�ÓQP}�!Í�Ó?OÞÌ¿Ê�Ù|Ì�í�È�Ó�âaÊyÍJÑz����ÊyÍ�Ó���âËÍ�×¸ì´ÉËØË×B��ØnÝÞ×UâaÓ´ØËÓËÙ���Ø�Ñ$ÎyÍ�èMÌ¿×UÝ�òÓnÍ�Ó-Ð{ªfí âaÊyÍ�ß@Ím�!Í�×UÍ�àUÖËÓnÍ�Óu��ØÿèlOÞÓËÓnÍ�Ó Í�×Uß¿ÌUÍ�Î�Î�Ì�í�È�Ó Í�Ê�ÓnÍ�ìMÍ�ÎyÍ�è´Ì¿ÊyÝÞÓ ý°ÝÞÓ Ñ$×UÍ�Ê�Ù|ÓËÊyß@ßUÍ�ÓQP�âaÊyÍ\��ç8Í�ÊÇ�È�ÓnâaÊyânÈ�ÌUÍ�Ó ÔjÕË×�Í�Ê�Ó Ñ$ÎyÍ�èMÌ¿×UÝÞÓ Í�Ó´Ì¿ÖPÈ�Î�ÌUÍ�ÓQP âaÊyÍY
¿Í�ç8Í�Ê�ÎyßëÎyÝ|ß@Í�Ó Ç1×¿Ê�ÌUÍ�×¿ÊyÍ�ÓQPQâaÊyÍ�Ê�ÓnßB�!Í�ßUÝÞÓnâËÍ�×UÍ è°Í�Ê�ÓnÍÍ��aÉËÎ�Ê���Ê�ÌUÍ>ì´ÉË×¿Ø���ØnÝÞ×UâaÓ´ØËÓËÙW�hÍ�Ê�ÓËÖPÈ�Î�ÌUÍ�ÓQPhÍ�ÓûÌUß¿ÉË×UÍ�à@ÖnÍ�Óåí¸ÕnßUßUÍ�Ó�c§ÜrÈD�!Í�Î�ÎyÍ¸ÚaÐ�Ï�d�Ðhð�È�íJÊ�Ì ç8Í�×UâËÍ�Ó�ÖPÈ�ØËÉËÌóòß��Þà@ÖËÎ�ÊyàUÖëÑ$×UÍ�Ê�Ù|ÓËÊyß@ßUÍ1íJÊ�Ìe#Pò¢÷øÝ|ß@ÝÞÓnÍ�Ó�È�ØnßUÙ°Í�çv��ÖËÎ�ÌVPËâaÊyÍ¬Ê�Ó�Í�Ê�Ó³Ñ�ÎyÍ�è´Ì¿×UÝÞÓaò�!�Ý|ß¿Ê�Ì¿×UÝÞÓ�!�È|È�×w�YÍ�×óÔ�È�Î�ÎyÍ�Ó-ÐËð�ÈâaÊyÍ�#Pò�� Í�ß@ÝÞÓPÈ�Ó��&Í�Ê�ÓnÍ�Ó�×UÍ�Î\È�Ì¿Ê�ý�ÖnÝÞÖnÍ�Ó æ~Ê�×¿èMØËÓËÙ°ß&%´ØnÍ�×UßUàUÖËÓËÊ�Ì¿Ìf�hÍ�ß¿Ê�ÌB��ÌVP!ß¿Ê�Ónâ âaÊyÍ7ßUÍ�ÎyÍ�èMÌ¿ÊyÍ�×¿ÌUÍ�Ó�Ñ$×UÍ�Ê�ÙÞòÓËÊyßUß@Í�ç8Í�Ê�Ì¿Ù°Í�ÖnÍ�Ónâ�Ô§×UÍ�ÊPý°ÝÞÓNªfÓûÌUÍ�×¿Ù|×¿ØËÓnâÎc�� Í�Ê�ÓËÖnÍ�Ê�ÌøàYÈaÐ´õ°ã�ò�õ|õl¯d�Ð9�¢ÓnßUÙ°Í�ß@È�í Ìøß¿ÌUÍ�ÖnÍ�Ó�Ê�Ó�âËÍ�Ó&Ô§ÕË×8âaÊyÍ�ßUÍ

�f×B�hÍ�Ê�Ì�ý°Í�×¿ç8Í�ÓnâËÍ�ÌUÍ�Ó ð�È�ÌUÍ�ÓÿÍ�Ì¢çEÈ~ÏYú|ú|ú|ú¨#Pò¢Ñ$×UÍ�Ê�Ù|ÓËÊyßUß@Ím��ØË×Y'�Í�×óÔ§ÕËÙ|ØËÓËÙ?P8çEÈÞß�ÔjÕË×³âaÊyÍ��!Í�Ó?OÞÌ¿Ê�Ù|ÌUÍ�Óô�Í�ßUß¿ØËÓËÙ°Í�Ó3È�Ønß¿×UÍ�Êyà@ÖnÍ�ÓnâËÍ7ì´Ì@È�Ì¿ÊyßUÌ¿Ê�èN�ËÊyÍ�ÌUÍ�ÌYÐ
��í;Ó0�ÞàUÖnßUÌUÍ�Ó�ìMà@ÖË×¿Ê�Ì¿Ì8ç�Ê�×Uâ&ÔjÕË×q
óÍ�âËÍ�ß8Ñ$ÎyÍ�è´Ì¿×UÝÞÓ�Ù°Í�ÉË×¿ÕaÔ§ÌVPûÝ"��Í�ßEÈ�ØnàUÖ�ÖPÈ�×¿ÌUÍ�Ó�ìMÍ�ÎyÍ�èMÌ¿ÊyÝÞÓnß¿èM×¿Ê�ÌUÍ�×¿ÊyÍ�ÓQPâaÊyÍJØËÓ´ÌUÍ�×7È�ÓnâËÍ�×UÍ�í Í�Ê�ÓnÍ�ì´ÉËØË×B��ØnÝÞ×UâaÓ´ØËÓËÙ Í�Ó´Ì¿ÖPÈ�Î�ÌUÍ�ÓQPrÍ�Ó´ÌUß¿ÉË×¿ÊyàUÖ´ÌYÐz��ß¿Ì�ânÈÞß¸âËÍ�×b�PÈ�Î�ÎxPrÍ�Ê�Ù|ÓnÍ�Ì¸Í�ß�ßUÊyàUÖ

��ØË×°��âËÍ�Ó´Ì¿Ê�nèÞÈ�Ì¿ÊyÝÞÓdâËÍ�ß7Ñ$×UÍ�Ê�Ù|ÓËÊyßUßUÍ�ß¸ØËÓnâ�ç�Ê�×Uâ È�Îyßf^¢ÜrÈ�ÙÞò¢Ñ$ÎyÍ�èMÌ¿×UÝÞÓ�`N�!Í �YÍ�ÊyàUÖËÓnÍ�ÌYÐ�ð�ÈÞß7È�ÓnâËÍ�×UÍ�Ñ$ÎyÍ�è´òÌ¿×UÝÞÓ�èÞÈ�ÓËÓCânÈ�ÓËÓCÔjÕË×¸Í�Ê�ÓnÍ�ô�Í�ßUß¿ØËÓËÙëý°Í�×¿çøÍ�ÓnâËÍ�Ì¸çøÍ�×UâËÍ�Ó�ØËÓnâ�ç�Ê�×UâË^�!$×UÝ"�!Í�ò¢Ñ$ÎyÍ�è´Ì¿×UÝÞÓ�`�Ù°Í�ÓnÍ�ÓËÓûÌYÐ��¢ÓâaÊyÍ�ßUÍ�í��NÈ�Î�Î�ç�Ê�×Uâ�âaÊyÍ7Ê�Óûý|È�×¿Ê\È�ÓûÌUÍ�ô�ÈÞß@ßUÍ7âËÍ�ß�ÜrÈ�ÙÞò¢Ñ$ÎyÍ�èMÌ¿×UÝÞÓnß¸íJÊ�Ì âËÍ�í�!$×UÝ"�!Í�ò¢Ñ$ÎyÍ�è´Ì¿×UÝÞÓU�hÍ�×UÍ�à@ÖËÓnÍ�Ì



) � ¡ £ ÙXâ�ã&6��72?*,Ú769+02?*�¤<* �7/<2?*>Ù7+
Ç1×¿Ê�ÌUÍ�×¿Ê�ØËí ÎyÝ|ßUÍ ÖPÈ�×¿Ì

|η| < Ï|Ð�Ï
��ßUÝÞÎ\È�Ì¿ÊyÝÞÓ�ç úaÐ�ÏYÚÑ�ô@�fÓûÌUÍ�Ê�Î2ä úaÐ�õñ¬ô î8ç ãÞÚñ¬ô�ã¯ç ï|ú
�[ÖnÝMÝ´âèä úaÐ�ú úaÐ ö
χ2 ä ò úaÐ�úaÏ

Ñ8qrthm?Ò<Ò´m�G.Ô�Õ�Ô�Ç1×¿Ê�ÌUÍ�×¿ÊyÍ�ÓëÔ§ÕË×�ÎyÝ|ßUÍ1ØËÓnâ�ÖPÈ�×¿ÌUÍ>ìMÍ�ÎyÍ�è´Ì¿ÊyÝÞÓëý°ÝÞÓåÑ$ÎyÍ�è´Ì¿×UÝÞÓnÍ�Ó-Ð
ØËÓnâ³ÖËÊyß¿ÌUÝÞÙ|×@È�íJíJÊyÍ�×¿ÌYÐ?�NÈ�Î�ÎyßQânÈÞßw!$×UÝ"�!Í�ò¢Ñ$ÎyÍ�è´Ì¿×UÝÞÓ È�ØnàUÖëâËÍ�Ó�ÖPÈ�×¿ÌUÍ�Ó�ìMÍ�ÎyÍ�èMÌ¿ÊyÝÞÓnß¿èM×¿Ê�ÌUÍ�×¿ÊyÍ�Ó3Í�ÓûÌUßUÉË×¿ÊyàUÖûÌVPç�Ê�×Uâ âaÊyÍ�Ê�Ó´ýÞÈ�×¿Ê\È�Ó´ÌUÍ�ô�ÈÞß@ßUÍ�È�Ønà@ÖdÊ�Ó Í�Ê�Ódç8Í�Ê�ÌUÍ�×UÍ�ßJñfÊyß¿ÌUÝÞÙ|×@È�íJí Í�Ê�ÓËÙ°Í�Ì¿×@È�Ù°Í�ÓQP�ânÈÞß>ÓûØË×JÑ$×UÍ�Ê�Ù|ÓËÊyß@ßUÍÍ�ÓûÌ¿Ö0��Î�ÌVPrâËÍ�×UÍ�ÓU!$×UÝ"�!Í�ò¢Ñ$ÎyÍ�èMÌ¿×UÝÞÓnÍ�Ó âËÍ�Ó�ÖPÈ�×¿ÌUÍ�Ó�Ç1×¿Ê�ÌUÍ�×¿ÊyÍ�Ó�Ù°Í�ÓûÕËÙ°Í�Ó-Ð�ðfÊyÍ�ß@Í�ß�'�Í�×óÔ�È�ÖË×UÍ�ÓCç�Ê�×UâÎ^¢Ü�È�ÙÞòÈ�ÓnâMò�!$×UÝ"�!Í�ò¢ôåÍ�Ì¿ÖnÝMâËÍ�`�Ù°Í�ÓPÈ�ÓËÓûÌYÐNð�ÈÞßQÑ$×¿Ù°Í �ËÓËÊyßQÊyßUÌ�Ê�Ó��e���ËÊ�ÎyâaØËÓËÙ�ÚaÐ�Ï�ânÈ�×¿Ù°Í�ß¿ÌUÍ�Î�Î�ÌYÐ

#NØË×�÷øÍ�ßUÌ¿Ê�íJí ØËÓËÙ âËÍ�×�Ñz����ÊyÍ�Ó���âËÍ�×³ÖPÈ�×¿ÌUÍ�Ó ìMàUÖËÓËÊ�Ì¿ÌUÍ ×UÍ�Î\È�Ì¿Ê�ý_��Ø âËÍ�ÓÿÎyÝ|ßUÍ�Ó cjÊ�í �PÝÞÎ�Ù°Í�ÓnâËÍ�ÓÈ�Îyß Ña����ÊyÍ�Ó��>âËÍ�×�ì´ÉËØË×B��ØnÝÞ×UâaÓûØËÓËÙX�hÍ �YÍ�Êyà@ÖËÓnÍ�Ìéd�çøÍ�×UâËÍ�ÓåÓ´ØËÓåâaÊyÍb�¢ÓËÖPÈ�Î�ÌUÍ¸âËÍ�×e�!Í�ÊyâËÍ�Ó3ñ ÊyßUÌUÝÞÙ|×@È�íJí&Íý°Í�×¿ç8Í�ÓnâËÍ�ÌYÐ{ªfí Ó´ØË×³âaÊyÍåÑ$×UÍ�Ê�Ù|ÓËÊyßUßUÍåíJÊ�Ì³Í�àUÖûÌUÍ�Ó Ñ$ÎyÍ�èMÌ¿×UÝÞÓnÍ�Ó È�Ønß�âËÍ�×A#Pò�� Í�ß@ÝÞÓPÈ�Ó��m��ØlÍ�×¿ÖPÈ�Î�ÌUÍ�ÓQPç�Ê�×Uâ_ý°Í�×¿Î\È�ÓËÙ|ÌVPøânÈÞßUß�âaÊyÍëÊ�Óûý|È�×¿Ê\È�ÓûÌUÍ ô ÈÞßUßUÍ3È�ØnßC�hÍ�ÊyâËÍ�ÓlÑ$ÎyÍ�èMÌ¿×UÝÞÓnÍ�ÓÁ��ç�ÊyßUà@ÖnÍ�Óÿî|ú á1Íx' ØËÓnâ ÏYú|úá1Í�'ëc�ì´Ê�Ù|ÓPÈ�Î��!Í�×UÍ�ÊyàUÖ4d�Î�ÊyÍ�Ù|ÌYÐ|ð1Í�×�Ê�Ó&âËÍ�í ßUÍ�ÎyÍ�è´Ì¿ÊyÍ�×¿ÌUÍ�Ó&ô ÈÞßUßUÍ�ÓT�hÍ�×UÍ�Êyà@ÖJý°Í�×B�ËÎyÍ�Ê��hÍ�ÓnâËÍeª Ó´ÌUÍ�×¿Ù|×¿ØËÓnâ�È�ØnßÑ$×UÍ�Ê�Ù|ÓËÊyßUß@Í�Ó�ÝÞÖËÓnÍQÑ$ÎyÍ�èMÌ¿×UÝÞÓnÍ�ÓC����ç�ÐûíJÊ�Ì�Ñ$ÎyÍ�èMÌ¿×UÝÞÓnÍ�Ó�È�Ønß8ðf×UÍ�Î�Î�ò/
8È�ÓY!$×UÝMâaØËè´Ì¿ÊyÝÞÓ�ç�Ê�×Uâ�ÈD�ËÙ°Í�ßUà@Ö0��ÌB��ÌVPÊ�ÓnâËÍ�íêâaÊyÍ�ìMÍ�Ê�ÌUÍ�Ó<�0��ÓnâËÍ�×7ý°ÝÞÓ þ|ú�ò�î|ú�á1Íx' ØËÓnâ_ÏYú|ú�ò@ÏYÛ|ú á1Íx' Ô§ÕË× Í�Ê�ÓnÍ&Î�Ê�ÓnÍYÈ�×UÍ�Ñz�aÌ¿×@È�ÉhÝÞÎ\È�Ì¿ÊyÝÞÓdâËÍ�ß
ªfÓûÌUÍ�×¿Ù|×¿ØËÓnâËÍ�ß�Ê�Ó�âaÊyÍ°� Í�Ù|ÊyÝÞÓ�âËÍ�×b#Pò��fÍ�ßUÝÞÓPÈ�Ó��7ý°Í�×¿ç8Í�ÓnâËÍ�Ì çøÍ�×UâËÍ�Ó-Ð[ð¬ÊyÍ>Ña����ÊyÍ�Ó���Í�×¿Ù|Ê��ËÌ�ß¿ÊyàUÖ�Ó´ØËÓÈ�ØnßøâËÍ�íñ'�Í�×¿Ö0��Î�Ì¿ÓËÊyß�âËÍ�×8Ñ�×UÍ�Ê�Ù|ÓËÊyßB��È�ÖËÎyÍ�Ó³Ê�í ÎyÝ|ßUÍ�Ó�ØËÓnâ�ÖPÈ�×¿ÌUÍ�Ó³ñfÊyß¿ÌUÝÞÙ|×@È�íJí ÓPÈÞà@Ö�ì´Ø��ËÌ¿×@È�èMÌ¿ÊyÝÞÓ�âËÍ�ß
ªfÓûÌUÍ�×¿Ù|×¿ØËÓnâËÍ�ßVg

ε =
Nhart − 1

2Bhart

Nlose − 1
2Bloseç8Ý"�!Í�Ê

Nlose/hart
âaÊyÍ\�fÓ���È�ÖËÎ�âËÍ�×³ÎyÝ|ßUÍ�Ó_����ç�ÐEÖPÈ�×¿ÌUÍ�ÓÿÑ�×UÍ�Ê�Ù|ÓËÊyßUßUÍ Ê�í
ì´Ê�Ù|ÓPÈ�Î��hÍ�×UÍ�Êyà@Ö Êyß¿Ì�ØËÓnâ

Blose/hart
âaÊyÍ>á1Í�ß@È�í ÌB��È�ÖËÎrâËÍ�×QÎyÝ|ßUÍ�ÓA����ç�ÐËÖPÈ�×¿ÌUÍ�ÓåÑ$×UÍ�Ê�Ù|ÓËÊyßUßUÍ�Ê�ÓëâËÍ�Ó��hÍ�ÊyâËÍ�Ó�ìMÍ�Ê�ÌUÍ�ÓT�0��ÓnâËÍ�×¿Ó-Ðð¬ÊyÍëÑz����ÊyÍ�Ó��åâËÍ�×³ì´ÉËØË×B��ØnÝÞ×UâaÓûØËÓËÙ ç�ØË×UâËÍëßUÝYçøÝÞÖËÎQÔ§ÕË×�âaÊyÍ

χ2 ò¸È�Îyß�È�ØnàUÖ*Ô§ÕË×�âaÊyÍA�-Ê�è°Í�Î�Ê�ÖnÝ´ÝMâMòô�Í�Ì¿ÖnÝ´âËÍ�ØËÓûÌUÍ�×Uß¿Ønà@ÖûÌYÐa��ÕË×>âaÊyÍ�ÎyÝ|ßUÍ�Ñ�ÎyÍ�è´Ì¿×UÝÞÓnÍ�ÓnßUÍ�ÎyÍ�èMÌ¿ÊyÝÞÓdç�ØË×UâËÍ³ßUÝYçøÝÞÖËÎ�Ô§ÕË×¸âaÊyÍ
χ2 ò¢ô�Í�Ì¿ÖnÝ´âËÍ³È�ÎyßÈ�ØnàUÖ�Ô§ÕË×�âaÊyÍ	�-Ê�è°Í�Î�Ê�ÖnÝ´ÝMâMò¢ôåÍ�Ì¿ÖnÝMâËÍfè°Í�Ê�ÓnÍfÍ�Ó´ÌUß¿ÉË×UÍ�àUÖnÍ�ÓnâËÍ�÷EÍ�âaÊ�ÓËÙ|ØËÓËÙJÈ�Ó�âËÍ�Ó�Ñ�ÎyÍ�è´Ì¿×UÝÞÓaò¢Ç�È�ÓnâaÊyânÈ�ÌUÍ�ÓÙ°Í�ß¿ÌUÍ�Î�Î�ÌYÐ?�fÍ�Î\È�Ì¿Ê�ýC��Ø3âaÊyÍ�ß@Í�×fìMÍ�ÎyÍ�è´Ì¿ÊyÝÞÓëç�ØË×UâËÍ âaÊyÍ�Ñz����ÊyÍ�Ó�� âËÍ�×¬ì´ÉËØË×B��ØnÝÞ×UâaÓ´ØËÓËÙ�Ô§ÕË× È�Î�ÎyÍ�í�OÞÙ|Î�Êyà@ÖnÍ�ÓìMàUÖËÓËÊ�Ì¿ÌUÍ>È�ØaÔ

χ2 ����ç�ÐnâaÊyÍ��[Ê�è°Í�Î�Ê�ÖnÝMÝMâW�hÍ�×UÍ�à@ÖËÓnÍ�ÌYÐPð�ÈÞßQÑ$×¿Ù°Í �ËÓËÊyßfÊyß¿Ì�Ê�Ó��	���ËÊ�ÎyâaØËÓËÙ�ÚaÐ�ÛJânÈ�×¿Ù°Í�ßUÌUÍ�Î�Î�ÌYÐÑ�ßJÊyßUÌ���Ø ßUÍ�ÖnÍ�ÓQP�ânÈÞß@ß�âaÊyÍëÑz����ÊyÍ�Ó���âËÍ�×
χ2 ò¢ô�Í�Ì¿ÖnÝMâËÍ�Ê�í(×UÍ�ÎyÍ�ý|È�ÓûÌUÍ�Ó~÷EÍ�×UÍ�Êyà@Öëc�È�ÎyßUÝR�!Í�ÊQèMÎyÍ�Ê�ÓnÍ�Óæ�Í�×¿ÌUÍ�Ó4dJßUÌ@È�×¿èdÈD�aÔx��Î�Î�Ì�ØËÓnâ*í�È;�aÊ�í�È�Î¬î|ú�ò�î|Úl(Í�×¿×UÍ�ÊyàUÖ´ÌYÐ���í á1Í�Ù°Í�Ónß@È�ÌB�åÍ�×¿×UÍ�ÊyàUÖûÌ³âaÊyÍ��-Ê�è°Í�Î�Ê�ÖnÝ´ÝMâMòô�Í�Ì¿ÖnÝ´âËÍ1Ñz����ÊyÍ�Ó��YÍ�Óëý°ÝÞÓ³Ô�ÈÞß¿Ì�ÏYú|úl ØËÓnâ�Ôx��Î�Î�ÌøÕ��!Í�×�Í�Ê�ÓnÍ�Ó�Ù|×UÝ"y°Í�Óëæ�Í�×¿ÌUÍ �!Í�×UÍ�ÊyàUÖëÓ´ØË×QßUàUÖ´çøÈÞàUÖ ÈD�-ÐÑ$×Uß¿Ìw�!Í�ÊrìMàUÖËÓËÊ�Ì¿ÌUÍ�Ó�Õ��!Í�× úaÐ�î7Ì¿×UÍ�ÌUÍ�Ó3ß¿Ê�Ù|ÓËÊ�nè|È�ÓûÌUÍf'�Í�×¿Î�Ønß¿ÌUÍ È�ØaÔ¿Ð

Í7¸>n7¸>n}¸³}ºT¾�¼�º<ÈDÈ;à�áVºëÂ�ºTÈuä6��À�È+æ<Àqã4È;Âz¿}À�¿qÊq¸ ð¬ÊyÍm�¬È�ÌUÍpP�íJÊ�Ì³âËÍ�×Y�ûÍ�ÌUß�Ôx��ÎyßUà@ÖËÎ�ÊyàUÖnÍ�×¿ç8Í�Êyß@ÍCÈ�ÎyßÑ$ÎyÍ�èMÌ¿×UÝÞÓnÍ�Ó�Ô§Í�ÖËÎ�ÊyâËÍ�Ó´Ì¿Ê�?��ÊyÍ�×¿Ì�ç8Í�×UâËÍ�ÓQPMèÞÈ�ÓËÓ³Í �!Í�ÓaÔ�È�Î�ÎyßEÈ�Ønß8âËÍ�Ó�ý°ÝÞ×¿ÖPÈ�ÓnâËÍ�ÓnÍ�Óëð�È�ÌUÍ�ÓN�!Í�ß¿Ì¿Ê�íJí¸Ì8çøÍ�×óòâËÍ�Ó-Ð[ð�ÈD��Ø�ßUÍ�ÎyÍ�èMÌ¿ÊyÍ�×¿Ì�í�È�Ó�Ñ$×UÍ�Ê�Ù|ÓËÊyßUßUÍpPWâaÊyÍ7Ù°Í�ÓPÈ�Ø�Í�Ê�ÓnÍ�ÓCÇ�È�ÓnâaÊyânÈ�ÌUÍ�Ó�Ô§ÕË×�Í�Ê�Ó�Ñ$ÎyÍ�è´Ì¿×UÝÞÓCíJÊ�Ì�ÎyÝ|ßUÍ�Ó
�!Í ��ÊyÍ�ÖûØËÓËÙ°ß¿çøÍ�ÊyßUÍ�ÖPÈ�×¿ÌUÍ�Ó¸Ç1×¿Ê�ÌUÍ�×¿ÊyÍ�Ó>Í�Ó´Ì¿ÖPÈ�Î�ÌUÍ�Ó-Ð�ÜW×���Ù|ÌWí�È�Ów
¿Í�ç8Í�Ê�ÎyßrâaÊyÍ�Ù°Í�í&Í�ßUßUÍ�ÓnÍ$Ô§Í�ÖËÎyÍ�ÓnâËÍ�Ì¿×@È�Ónß¿ý°Í�×óòß@È�ÎyÍEÑ$ÓnÍ�×¿Ù|ÊyÍ�âaÊyÍ�ßUÍ�×�Ñ�×UÍ�Ê�Ù|ÓËÊyßUßUÍQÈ�ØaÔNØËÓnâ7ØËÓ´ÌUÍ�×Uß¿ØnàUÖ´Ì�í�È�Ó&ânÈÞßz'�Í�×¿Ö0��Î�Ì¿ÓËÊyß�âËÍ�×$ânÈ�×@È�Ønß$×UÍ�ßUØËÎ�Ì¿ÊyÍ�×UÍ�ÓnâËÍ�Ó
'�Í�×¿ÌUÍ�Ê�Î�ØËÓËÙ°Í�ÓQPPÍ�×¿Ö0��Î�Ì í�È�Ó3âaÊyÍ�Ê�ÓA�	���ËÊ�ÎyâaØËÓËÙ�ÚaÐ�ï>Ù°Í �YÍ�Ê�Ù|ÌUÍf�	�ËÖ0��ÓËÙ|Ê�Ù|è°Í�Ê�ÌYÐ
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	 tNthZÇÒ´kW]-TWuéG.Ô�Õ�Ôw��Óûý|È�×¿Ê\È�ÓûÌUÍ ô�ÈÞßUß@Í8ý°ÝÞÓ&Ü�È�ÙÞòWØËÓnâ°!$×UÝ"�!Í�ò¢Ñ$ÎyÍ�è´Ì¿×UÝÞÓnÍ�Ó-Ð´ð�ÈÞß�Ý+F!Í�ÓnÍñfÊyß¿ÌUÝÞÙ|×@È�íJí Í�Ó´Ì¿Ö0��Î�ÌEÈ�Î�ÎyÍ	!$×UÝ"�hÍ�ò¢Ñ�ÎyÍ�è´Ì¿×UÝÞÓnÍ�ÓQPËânÈÞß8ßUàUÖË×@È;��Í�×¿ÌUÍfÓûØË×EßUÝÞÎyàUÖnÍpP´âaÊyÍQÖPÈ�×óòÌUÍ�Ó�Ç1×¿Ê�ÌUÍ�×¿ÊyÍ�Ó�Ù°Í�ÓûÕËÙ°Í�Ó-Ð9�fØnß�âËÍ�í '�Í�×¿Ö0��Î�Ì¿ÓËÊyß8âËÍ�×øñ Êyß¿ÌUÝÞÙ|×@È�íJí&Ífç�Ê�×Uâ�âaÊyÍfÑz����ÊyÍ�Ó��âËÍ�×�ÖPÈ�×¿ÌUÍ�Ó ìMà@ÖËÓËÊ�Ì¿ÌUÍ��!Í�ß¿Ì¿Ê�íJí ÌYÐ

Schnitt
0 0.2 0.4 0.6 0.8 1

E
ff

iz
ie

nz

0

0.2

0.4

0.6

0.8

1

Spur+e/p
Spur
Likelihood
Likelihood alt.

	 tNthZÇÒ´kW]-TWuêG.Ô�Ó.Ô Ñ$Ê�Ù°Í�ÓnßUà@ÖPÈ�ÔjÌUÍ�ÓÿâËÍ�×&ý°Í�×UßUà@ÖËÊyÍ�âËÍ�ÓnÍ�Ó ì´ÉËØË×B��ØnÝÞ×UâaÓ´ØËÓËÙ°ß¿í&Í�Ì¿ÖnÝMâËÍ�ÓÔ§ÕË×QÑ$ÎyÍ�è´Ì¿×UÝÞÓnÍ�ÓåÊ�ÓA�e�ËÖ0��ÓËÙ|Ê�Ù|è°Í�Ê�Ì¬âËÍ�ßfìMàUÖËÓËÊ�Ì¿ÌUÍ�ß�Ð
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 / ndf 2χ  5.505 / 8
p0        0.01122± 0.2445 
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	 ththZÇÒ´kW]-T-u`G.ÔD�}Ô{'�Í�×¿Ö0��Î�Ì¿ÓËÊyßJâËÍ�×7Ñ$×UÍ�Ê�Ù|ÓËÊyßB��È�ÖËÎyÍ�Ó*íJÊ�ÌJÍ�Ê�ÓnÍ�íêÎyÝ|ß@Í�ÓU����ç�Ð�ÖPÈ�×¿ÌUÍ�ÓÑ$ÎyÍ�èMÌ¿×UÝÞÓaò¢Ç�È�ÓnâaÊyânÈ�ÌUÍ�ÓåÊ�Ó��	�ËÖ0��ÓËÙ|Ê�Ù|è°Í�Ê�Ì âËÍ�×�Ô�Í�ÖËÎyÍ�ÓnâËÍ�ÓëÌ¿×@È�Ónß¿ý°Í�×UßRÈ�ÎyÍ�ÓåÑ$ÓnÍ�×¿Ù|ÊyÍ|Ð
�¢Ó>âËÍ�í ÷EÍ�×UÍ�Êyà@Ö¸Ù°Í�×¿Ê�ÓËÙ°Í�×�Ô�Í�ÖËÎyÍ�ÓnâËÍ�×rÌ¿×@È�Ónß¿ý°Í�×UßRÈ�ÎyÍ�×�Ñ$ÓnÍ�×¿Ù|ÊyÍEc§Ñ 26ë ìÈíïî>î ç p ð3ñïð2 d[ß¿Ê�Ónâ è°Í�Ê�ÓnÍ8Ñ$×UÍ�Ê�Ù|ÓËÊyß¿òßUÍ�íJÊ�ÌfÍ�àUÖûÌUÍ�Ó ÊyßUÝÞÎ�ÊyÍ�×¿ÌUÍ�Ó�Ñ$ÎyÍ�èMÌ¿×UÝÞÓnÍ�Óm��Ø3Í�×¿çEÈ�×¿ÌUÍ�ÓQP!ânÈJâaÊyÍ�ßUÍ Í�Ó´Ì¢çøÍ�âËÍ�×¬ÉPÈ|È�×¿çøÍ�ÊyßUÍ>Ý´âËÍ�×���ØnßRÈ�íJí&Í�ÓíJÊ�Ì�Í�Ê�ÓnÍ�í��¬Í�ØËÌ¿×¿Ê�ÓnÝ�ÉË×UÝ´âaØ���ÊyÍ�×¿Ì ç8Í�×UâËÍ�ÓQP[çøÍ�ÎyàUÖnÍJÊ�ÖË×UÍ�×UßUÍ�Ê�ÌUß�Ô§Í�ÖËÎyÍ�ÓnâËÍ�Ó�ÜW×@È�Ónß¿ý°Í�×Uß@È�Î�Ê�íJÉËØËÎyß7È�Îyß ì´Ê�òÙ|ÓPÈ�Ì¿ØË×JÖPÈD�!Í�Ó-Ð�ìMÝÞíJÊ�Ì�ß¿Ê�Ónâ Ê�Ó_âaÊyÍ�ßUÍ�í(÷EÍ�×UÍ�ÊyàUÖ âaÊyÍ�Ñ�ÎyÍ�è´Ì¿×UÝÞÓnÍ�ÓQP�âaÊyÍ³ÖPÈ�×¿ÌUÍ�Ó~ìMà@ÖËÓËÊ�Ì¿ÌUÍ�Ó Ù°Í�Ó´ÕËÙ°Í�ÓQPÈ�Î�ÎyÍ�Ê�ÓåÈ�ØaÔ�Ô§Í�ÖËÎ�ÊyâËÍ�Ó´Ì¿Ê�?��ÊyÍ�×¿ÌUÍ°�	��
¿Í�èMÌUÍr��ØË×¿ÕnàUè9��ØaÔjÕËÖË×UÍ�Ó-Ðhð�ÈÞßw'�Í�×¿Ö0��Î�Ì¿ÓËÊyßQý°ÝÞÓëÎyÝ|ß@Í�ÓW��ØëÖPÈ�×¿ÌUÍ�Ó3Ñ$ÎyÍ�è´òÌ¿×UÝÞÓnÍ�Ó_Êyß¿ÌJânÈ�íJÊ�Ì&Ù|ÎyÍ�Êyà@Ö âËÍ�×��fÈ�ÌUÍpP�íJÊ�Ì�âËÍ�×&Í�Ê�ÓZ�°Í�ÌVP�âËÍ�×&âaÊyÍ³ÎyÝ|ßUÍ�Ó_Ç1×¿Ê�ÌUÍ�×¿ÊyÍ�ÓlÍ�×óÔjÕËÎ�Î�ÌVP�È�Ønà@Ö âËÍ�ÓÖPÈ�×¿ÌUÍ�Ó�Ù°Í�Ó´ÕËÙ|ÌYÐq��íä÷øÍ�×UÍ�Êyà@ÖCÖ?OÞÖnÍ�×UÍ�×�Ô�Í�ÖËÎyÍ�ÓnâËÍ�× Ì¿×@È�ÓnßUý°Í�×Uß@È�ÎyÍ�× Ñ$ÓnÍ�×¿Ù|ÊyÍ�Êyß¿ÌE��ØCÍ�×¿è°Í�ÓËÓnÍ�ÓQPWânÈÞß@ß�ânÈÞß

'�Í�×¿Ö0��Î�Ì¿ÓËÊyßfÈ�ÓnßUÌUÍ�Ê�Ù|ÌVPnânÈ7ÖËÊyÍ�× Í�Ê�ÓA�fÓûÌUÍ�Ê�ÎWÍ�à@ÖûÌUÍ�×1Ñ$ÎyÍ�èMÌ¿×UÝÞÓnÍ�ÓåÈ�ØnßQæ → Í
νe
ý°ÝÞ×¿Î�ÊyÍ�Ù|ÌYÐ

#NØË×åÑ$×¿íJÊ�Ì¿Ì¿Î�ØËÓËÙÿâËÍ�×��nÍ�ÖËÎ�ÊyâËÍ�Ó´Ì¿Ê�nèÞÈ�Ì¿ÊyÝÞÓnßU×@È�ÌUÍ�ç�Ê�×Uâ È�Ó âaÊyÍ�æ�Í�×¿ÌUÍ�âËÍ�×3÷øÊ�ÓnßëíJÊ�Ì3Ñ 26ë ìÈíïî¡î <
18.0

á1Í�'(Í�Ê�ÓnÍ�ÇfÝÞÓnß¿Ì@È�ÓûÌUÍ*È�ÓËÙ°Í�ÉPÈÞßUßUÌYÐfð¬ÊyÍ�ßUÍ�×\!$×UÝ"�YÍ�ßUßåç�Ê�×Uâ Ô§ÕË×�È�Î�ÎyÍdìMàUÖËÓËÊ�Ì¿ÌUÍdßUÝYçøÝÞÖËÎ Ô§ÕË×åâaÊyÍ
�[Ê�è°Í�Î�Ê�ÖnÝMÝ´âMò�ç�ÊyÍ�È�Ønà@Ö_âaÊyÍ

χ2 ò¢ôåÍ�Ì¿ÖnÝMâËÍ³âaØË×UàUÖËÙ°Í�Ô§ÕËÖË×¿ÌYÐ�ô È�Ó*Í�×¿Ö0��Î�Ì7ânÈ�ÓËÓ_ânÈÞß7Ê�Ó��	���ËÊ�ÎyâaØËÓËÙCÚaÐ öÙ°Í �YÍ�Ê�Ù|ÌUÍ&Ñ$×¿Ù°Í �ËÓËÊyß�Ðq��ÕË×¸ìMàUÖËÓËÊ�Ì¿ÌUÍ�È�ØaÔ
χ2 Í�×¿Ö0��Î�Ì�í�È�Ó�Ê�íäÊ�ÓûÌUÍ�×UÍ�ß@ß@È�ÓûÌUÍ�Ó ÷øÍ�×UÍ�Êyà@ÖU�nÍ�ÖËÎyÍ�×¿×@È�ÌUÍ�Ó�ý°ÝÞÓÛ|Ú�ò�ï|Úl�ÐMðfÊyÍ�
¿Í�ÓËÊ�Ù°Í�Ó�âËÍ�×v�-Ê�è°Í�Î�Ê�ÖnÝ´ÝMâMò¢ôåÍ�Ì¿ÖnÝMâËÍfÔ�È�Î�ÎyÍ�ÓY��ØËÓ0�ÞàUÖnßUÌEß@àUÖËÓnÍ�Î�Î[ÈD��ØËÓnâN�hÍ�çøÍ�Ù°Í�Ó�ß¿ÊyàUÖ³ânÈ�ÓËÓ

��ç�ÊyßUà@ÖnÍ�Óåï|úl�c��[Ê�è°Í�Î�Ê�ÖnÝMÝ´âXä úaÐ�ÛldQØËÓnâ�ÏYÚl�c��[Ê�è°Í�Î�Ê�ÖnÝMÝMâXä úaÐ�îld�Ð
Í7¸>n7¸,sQ¸��IºTÅKá�»�å|åÎÀ�¿qÊXÂ�º<ÅBòA¿.áVº<ÈDÊ0È"À�¿�Â�à?¿.áVºT»�¼�Å$åU»>á$Â�ºTÈEïÞà�áVÈ"»>f7î�ïÞº<á�¾qã}Â�º?¸¸ðfÊyÍEÇ�Í�ÓËÓ´ÌóòÓËÊyß�âËÍ�×�Ñz����ÊyÍ�Ó���âËÍ�× Ñ$ÎyÍ�èMÌ¿×UÝÞÓnÍ�Óaò���âËÍ�Ó´Ì¿Ê�nèÞÈ�Ì¿ÊyÝÞÓ ØËÓnâ�âËÍ�×f�PÍ�ÖËÎ�ÊyâËÍ�ÓûÌ¿Ê�nè|È�Ì¿ÊyÝÞÓnß¿×@È�ÌUÍ�âËÍ�× ÖPÈ�×¿ÌUÍ�Ó ìMÍ�òÎyÍ�èMÌ¿ÊyÝÞÓ�Ù°Í�Ù°Í�ÓûÕ��!Í�×EâËÍ�×�ÎyÝ|ßUÍ�Ó�è|È�ÓËÓ&Ó´ØËÓ³È�Ønß¿Ù°Í�Ó´ØËÌB��Ì8çøÍ�×UâËÍ�ÓQPûØËí âaÊyÍ$#NØnß@È�íJí&Í�ÓnßUÍ�ÌB��ØËÓËÙ°�!Í�Î�ÊyÍ �ËÊ�Ù°Í�×ð�È�ÌUÍ�Ónß���ÌB�YÍ¬íJÊ�ÌQÍ�Ê�ÓnÍ�í Ñ$ÎyÍ�è´Ì¿×UÝÞÓW��ØX�!Í�×UÍ�àUÖËÓnÍ�Ó-Ðnð¬ÊyÍfý°Í�×¿ç8Í�ÓnâËÍ�ÌUÍ¸ôåÍ�Ì¿ÖnÝMâËÍ¬ç�Ê�×Uâ�ô È�Ì¿×¿Ê�Mò¢ôåÍ�Ì¿ÖnÝMâËÍÙ°Í�ÓPÈ�ÓËÓûÌfØËÓnâ³Êyß¿Ì�Ê�Ó|hts9H�kQ�!Í�ßUàUÖË×¿ÊyÍ �!Í�Ó-Ðnô È�ÓA�hÍ�Ì¿×@ÈÞà@ÖûÌUÍ�ÌfÊ�Ó3âaÊyÍ�ßUÍ�×Qô�Í�Ì¿ÖnÝ´âËÍ1Ô�ÝÞÎ�Ù°Í�ÓnâËÍ�ß¬á1ÎyÍ�ÊyàUÖûØËÓËÙ°ß¿òßBSaß¿ÌUÍ�íAg

Nlose =Nele +Nbkg

Nhart =εele ·Nele + ffake ·Nbkg
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	 tNthZÇÒ´kW]-TWuUG.Ô�EQÔe�nÍ�ÖËÎyÍ�×¿×@È�ÌUÍ âËÍ�×�ì´ÉËØË×B��ØnÝÞ×UâaÓûØËÓËÙI��Ø�Ç�È�ÓnâaÊyânÈ�ÌUÍ�Ó�ÔjÕË×�Ñ$ÎyÍ�èMÌ¿×UÝÞÓnÍ�ÓÔ§ÕË×�ý°Í�×UßUàUÖËÊyÍ�âËÍ�ÓnÍb� Î�Ù°ÝÞ×¿Ê�Ì¿ÖËí&Í�Ó-Ð
ð�ÈD�hÍ�Ê>ß¿Ê�Ónâ

Nlose/hart
âaÊyÍR�hÍ�Ý"�PÈÞà@ÖûÌUÍ�ÌUÍ�Ó Ñ$×UÍ�Ê�Ù|ÓËÊyßB��È�ÖËÎyÍ�Ó Ô§ÕË×ëÎyÝ|ßUÍR����ç�Ð ÖPÈ�×¿ÌUÍCÑ$ÎyÍ�èMÌ¿×UÝÞÓnÍ�ÓaòìMÍ�ÎyÍ�èMÌ¿ÊyÝÞÓQP

Nele/bkg
âaÊyÍw� Ó���È�ÖËÎNâËÍ�×�Ñ$×UÍ�Ê�Ù|ÓËÊyßUßUÍ�íJÊ�Ì�Í�à@ÖûÌUÍ�Ó�Ñ$ÎyÍ�è´Ì¿×UÝÞÓnÍ�ÓN����ç�Ð°È�Îyß�ßUÝÞÎyà@ÖnÍEÔ§Í�ÖËÎ�ÊyâËÍ�Ó´Ì¿Ê�Ëò

��ÊyÍ�×¿ÌUÍ�È�ÓnâËÍ�×UÍf�	��
¿Í�è´ÌUÍ¬ØËÓnâ
εele

ØËÓnâ
ffake

âaÊyÍ1Ñz����ÊyÍ�Ó���ØËÓnâX�nÍ�ÖËÎ�ÊyâËÍ�ÓûÌ¿Ê�nè|È�Ì¿ÊyÝÞÓnß¿×@È�ÌUÍ|Ðhð�È
Nele/bkgâaÊyÍJÍ�Ê�Ó���Ê�Ù°Í�ÓËªfÓ<�!Í�èÞÈ�ÓËÓ´ÌUÍ�Ó�Ê�Ó�âaÊyÍ�ßUÍ�íêá¬ÎyÍ�Êyà@ÖûØËÓËÙ°ßUß&SMß¿ÌUÍ�íêß¿Ê�Ónâ}PhèÞÈ�ÓËÓ�Í�ß�Í�Ê�ÓnâËÍ�ØËÌ¿Ê�ÙëÙ°Í�Î,O|ßUÌ¬çøÍ�×UâËÍ�ÓØËÓnâ�í�È�ÓåÍ�×¿Ö0��Î�Ì�ÔjÕË×QâaÊyÍ Ñ$×UÍ�Ê�Ù|ÓËÊyßUßUÍ�Ê�ÓëâËÍ�× ÎyÝ|ßUÍ�ÓåìMÍ�ÎyÍ�è´Ì¿ÊyÝÞÓQg

Nele =
Nhart − ffake ·Nlose

εele − ffake

Nbkg =
εele ·Nlose −Nhart

εele − ffakeð¬ÊyÍb#NØnß@È�íJí&Í�ÓnßUÍ�ÌB��ØËÓËÙ�âËÍ�×QÖPÈ�×¿ÌUÍ�Ó�ìMÍ�ÎyÍ�èMÌ¿ÊyÝÞÓëÊyß¿ÌQânÈ�ÓËÓ
Nhart

ele = εele ·Nele����ç�Ð
Nhart

bkg = ffake ·Nbkg.ð¬ÊyÍ�ßUÍ�ô�Í�Ì¿ÖnÝ´âËÍ èÞÈ�ÓËÓåßUÝYçøÝÞÖËÎWÔ§ÕË× âËÍ�ÓëÙ°Í�ß@È�í¸ÌUÍ�Ó�ð�È�ÌUÍ�Ónß@È�ÌB�lPhÈ�ÎyßfÈ�Ønà@ÖëÔ§ÕË× ÜWÍ�Ê�ÎyânÈ�ÌUÍ�Ónß���ÌB�YÍ¸ý°Í�×óòçøÍ�ÓnâËÍ�ÌøçøÍ�×UâËÍ�Ó-Ð��¢Ó�âaÊyÍ�ßUÍ	�fÓPÈ�Î�SaßUÍQç�Ê�×Uâ�âaÊyÍfô�Í�Ì¿ÖnÝMâËÍ ØËÓ´ÌUÍ�×�È�ÓnâËÍ�×UÍ�íüÈ�Ønà@Ö³È�ØaÔ?
¿Í�âËÍ�ßøÍ�Ê�Ó��YÍ�Î�ÓnÍ¬÷øÊ�Óý°ÝÞÓI'�Í�×¿ÌUÍ�Ê�Î�ØËÓËÙ°Í�Ó�È�ÓËÙ°Í�çøÈ�ÓnâaÌYÐûìMÝfèÞÈ�ÓËÓ7ânÈ�ÓËÓJÈ�ØnàUÖJâaÊyÍ��PÝÞ×¿í âËÍ�×zªfÓûÌUÍ�×¿Ù|×¿ØËÓnâaý°Í�×¿ÌUÍ�Ê�Î�ØËÓËÙ¸Í��aÌ¿×@È�ÖËÊyÍ�×¿ÌØËÓnâ�ýMÊyß¿ØPÈ�Î�Êyß¿ÊyÍ�×¿Ì�çøÍ�×UâËÍ�Ó-Ð
Í7¸>n}¸®q¸tór�qá�»�å|»�ºTÈDÀ�¿qÊNÂ�ºTÈ@�$¼�ºTÉ7áVÈ;ã.¿}îKä}ºT¼�º<É7á�»�ã.¿Îâ¤´�È	Ãõôö}ºlá��	ÈDºT»�Ê4¿�»�ÅVÅVº0¸�á1×¿ØËÓnâaÎ\È�Ù°ÍøÔjÕË×âaÊyÍ��fÉËÌ¿Ê�íJÊyÍ�×¿ØËÓËÙëâËÍ�× ìMÍ�ÎyÍ�è´Ì¿ÊyÝÞÓ ý°ÝÞÓ æb\$�°Í�Ì�Ñ$×UÍ�Ê�Ù|ÓËÊyßUßUÍ�Ó�ß¿Ê�Ónâ�âaÊyÍ>Ê�Ó\�	���ËÊ�ÎyâaØËÓËÙ3ÚaÐ�Û�ØËÓnâm�	���ËÊ�Î�òâaØËÓËÙ&ÚaÐ ö7Ù°Í �YÍ�Ê�Ù|ÌUÍ�ÓëÑ$Ê�Ù°Í�ÓnßUà@ÖPÈ�ÔjÌUÍ�Ó3âËÍ�×�Ñ$ÎyÍ�èMÌ¿×UÝÞÓnÍ�Óaò���âËÍ�ÓûÌ¿Ê�nè|È�Ì¿ÊyÝÞÓ-Ð7#NØË×{�!Í�ßUßUÍ�×UÍ�ÓY'�Í�×¿Ù|ÎyÍ�ÊyàUÖ<�PÈ�×¿è°Í�Ê�ÌâËÍ�×�ý°Í�×UßUàUÖËÊyÍ�âËÍ�ÓnÍ�ÓÞ� Î�Ù°ÝÞ×¿Ê�Ì¿ÖËí&Í�Ó ß¿Ê�Ónâ~Ê�Óu�e���ËÊ�ÎyâaØËÓËÙ_ÚaÐ�Ú�âaÊyÍ�ì´ÉËØË×B��ØnÝÞ×UâaÓ´ØËÓËÙ°ßUÍ�����ÊyÍ�Ó��CØËÓnâlâaÊyÍ
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	 ththZÇÒ´kW]-T-u÷G.Ô G.Ôe�nÍ�ÖËÎyÍ�×¿×@È�ÌUÍ âËÍ�×øì´ÉËØË×B��ØnÝÞ×UâaÓ´ØËÓËÙ°��Ø�Ç�È�ÓnâaÊyânÈ�ÌUÍ�Ó�Ô§ÕË×�Ñ$ÎyÍ�èMÌ¿×UÝÞÓnÍ�ÓÊ�ÓA�e�ËÖ0��ÓËÙ|Ê�Ù|è°Í�Ê�Ì¬âËÍ�× Ñz����ÊyÍ�Ó��°Ð

�nÍ�ÖËÎyÍ�×¿×@È�ÌUÍ�Ó_Ù°Í�Ù°Í�ÓnÍ�Ê�ÓPÈ�ÓnâËÍ�×�È�ØaÔjÙ°Í�Ì¿×@È�Ù°Í�Ó-ÐF��Ó*âaÊyÍ�ßUÍ�×Jð�È�×Uß¿ÌUÍ�Î�Î�ØËÓËÙ�Êyß¿Ì7è´Î\È�×°��Ø*Í�×¿è°Í�ÓËÓnÍ�ÓQP�ânÈÞßUß°�!Í�ÊÙ°Í�Ù°Í �!Í�ÓnÍ�×EÑa����ÊyÍ�Ó���âaÊyÍ$�-Ê�è°Í�Î�Ê�ÖnÝ´ÝMâMò¢ôåÍ�Ì¿ÖnÝMâËÍ�âaÊyÍ¬Ù°Í�×¿Ê�ÓËÙ°ß¿ÌUÍ�ÓA�nÍ�ÖËÎyÍ�×¿×@È�ÌUÍ�Ó�Î�ÊyÍ�Ô�Í�×¿ÌYÐaô3Ê�Ì�âËÍ�×ø×���ØËíJÎ�Ê�òàUÖnÍ�Ó
χ2 ò¢ô�Í�Ì¿ÖnÝ´âËÍ>ß¿Ê�Ónâ���çøÈ�×�Í �hÍ�Ónß@Ý&ÖnÝÞÖnÍ>Ñz����ÊyÍ�Ó��YÍ�Ó�Í�×¿×UÍ�ÊyàUÖ<�PÈ�×VP9
¿Í�âËÝMàUÖ�Êyß¿Ì ÖËÊyÍ�×1âaÊyÍb�PÍ�ÖËÎyÍ�×¿×@È�ÌUÍÍ�×¿ÖnÍ �ËÎ�ÊyàUÖ�Ö?OÞÖnÍ�×YÐað¬ÊyÍ$'�Í�×¿ç8Í�ÓnâaØËÓËÙ�âËÍ�×

χ2 ò¢ô�Í�Ì¿ÖnÝMâËÍfíJÊ�Ì�âËÍ�í Ñ Ï Éaòx'�Í�×¿Ö0��Î�Ì¿ÓËÊyß Î�ÊyÍ�Ô§Í�×¿Ì{��çøÈ�×QÈ�è9�YÍ�ÉaòÌ@ÈD�ËÎyÍ�×UÍY�nÍ�ÖËÎyÍ�×¿×@È�ÌUÍ�ÓQPWÊyßUÌ�
¿Í�âËÝ´à@ÖCÊ�Ó�âËÍ�×>Ñz����ÊyÍ�Ó��ëÈ�ØaÔ�è´ÓPÈ�ÉËÉ*î|úlÛ�!Í�ßUàUÖË×���ÓËèMÌYÐ�ð1È�ÖnÍ�×¸ç�ØË×UâËÍ&Ô§ÕË×âaÊyÍ�ßUÍE�fÓPÈ�Î�SMß@Í�Í�ÓûÌUßUà@ÖËÊyÍ�âËÍ�ÓQPPíJÊ�Ì âËÍ�×��-Ê�è°Í�Î�Ê�ÖnÝ´ÝMâMò¢ôåÍ�Ì¿ÖnÝMâËÍ���Ø�È�×B�hÍ�Ê�ÌUÍ�Ó-Ð
�¢í Ó0�ÞàUÖnßUÌUÍ�Ó~ìMàUÖË×¿Ê�Ì¿Ì&âËÍ�×C�fÉËÌ¿Ê�íJÊyÍ�×¿ØËÓËÙ�í Ønß@ß>âËÍ�×>Ô§ÕË×>âaÊyÍX�fÓPÈ�Î�SMß@Í�ÊyâËÍYÈ�ÎyÍW�f×B�hÍ�Ê�ÌUßUÉËØËÓËè´Ì>Ù°Í�òÔ§ØËÓnâËÍ�Ó�çøÍ�×UâËÍ�Ó-Ð�ð¬ÊyÍ�ßUÍ�×>ç�Ê�×Uâ�íJÊ�Ì¿ÖËÊ�Î�Ô§Í�Í�Ê�ÓnÍ�×>Ñ�×UÍ�Ê�Ù|ÓËÊyßUßUÍ�ÎyÍ�èMÌ¿ÊyÝÞÓ*ý°ÝÞÓ�æ~ò¢Ñ$×UÍ�Ê�Ù|ÓËÊyßUßUÍ�Ó íJÊ�ÌI��ç8Í�ÊQÈÞßóòßUÝ"��Ê�ÊyÍ�×¿ÌUÍ�Ó\�°Í�ÌUßIc§ßUÊyÍ�ÖnÍ�Ç�È�ÉËÊ�ÌUÍ�Î�þaÐ�ïldQÍ�×¿íJÊ�Ì¿ÌUÍ�Î�ÌYÐNð¬ÊyÍ�ßUÍ>ì´Ì¿ØaÔ§Í¸âËÍ�×fÑ$×UÍ�Ê�Ù|ÓËÊyßUß@Í�ÎyÍ�è´Ì¿ÊyÝÞÓ�ç�ØË×UâËÍ�Ù°Í�ç{��ÖËÎ�ÌVPânÈ�Í�Ê�ÓnÍ�×UßUÍ�Ê�ÌUß>âaÊyÍ�ÜrÝÞÉhÝÞÎyÝÞÙ|ÊyÍ�âËÍ�×¸Ñ$×UÍ�Ê�Ù|ÓËÊyß@ßUÍ�âËÍ�×>âËÍ�ß�Ù°Í�ß¿Ønà@ÖûÌUÍ�Ó_ì´Ê�Ù|ÓPÈ�Îyßf�!Í�×UÍ�Ê�ÌUß ßUÍ�ÖË×°��ÖËÓËÎ�ÊyàUÖ Êyß¿ÌVPÈ�ÓnâËÍ�×UÍ�×UßUÍ�Ê�ÌUß>ÓnÝMàUÖ_È�Ønß¿×UÍ�ÊyàUÖnÍ�Ónâ ýMÊyÍ�ÎyÍ�Ñ�×UÍ�Ê�Ù|ÓËÊyßUßUÍN��ØË×b'�Í�×óÔ§ÕËÙ|ØËÓËÙ�ß¿ÌUÍ�ÖnÍ�Ó�ØËí Ù°Í�×¿Ê�ÓËÙ°Í³ß¿Ì@È�Ì¿Êyß¿Ì¿ÊyßUà@ÖnÍ

�nÍ�ÖËÎyÍ�×��!Í�Ê-âËÍ�×$�fÉËÌ¿Ê�íJÊyÍ�×¿ØËÓËÙ°ß¿ÉË×UÝ"�YÍ�âaØË×$��Ø3Í�×¿ÖPÈ�Î�ÌUÍ�Ó-Ð?�fÎyßQô ÈDy7ÔjÕË×QâaÊyÍI�fÉËÌ¿Ê�íJÊyÍ�×¿ØËÓËÙ�âËÍ�×¬ìMÍ�ÎyÍ�èMÌ¿ÊyÝÞÓç�Ê�×Uâ âaÊyÍ7ì´Ê�Ù|ÓPÈ�ÎyßUÊ�Ù|ÓËÊ�nèÞÈ�Ó��&ý°Í�×¿çøÍ�ÓnâËÍ�ÌVg
S = ns√

ns+nb

Phç8Ý"�!Í�Ê
ns
âaÊyÍ°�fÓ���È�ÖËÎ�âËÍ�× ì´Ê�Ù|ÓPÈ�ÎyÍ�×UÍ�Ê�Ù|ÓËÊyßUß@ÍØËÓnâ

nb
âaÊyÍ³âËÍ�×¯ª Ó´ÌUÍ�×¿Ù|×¿ØËÓnâËÍ�×UÍ�Ê�Ù|ÓËÊyßUßUÍ�Êyß¿ÌYÐ��fÎyß7ì´Ê�Ù|ÓPÈ�Î�ç�Ê�×Uâ ÖËÊyÍ�×7âaÊyÍ³ÈÞß@ßUÝ"��Ê�ÊyÍ�×¿ÌUÍX!$×UÝ´âaØËèMÌ¿ÊyÝÞÓ*Í�Ê�òÓnÍ�ßøæ ò¢÷EÝ|ßUÝÞÓnßøíJÊ�Ìv��ç8Í�ÊQ�°Í�ÌUß�È�ÓËÙ°Í�ßUÍ�ÖnÍ�ÓQPnÈ�Îyß{ªfÓûÌUÍ�×¿Ù|×¿ØËÓnâ�âaÊyÍ	'fÊyÍ�Î�ò��ûÍ�Ìóò�!$×UÝ´âaØËèMÌ¿ÊyÝÞÓëíJÊ�Ì�Í�Ê�ÓnÍ�íüÈ�ÎyßÑ$ÎyÍ�èMÌ¿×UÝÞÓ�Ô�Í�ÖËÎ�ÊyâËÍ�ÓûÌ¿Ê�?��ÊyÍ�×¿ÌUÍ�ÓÎ�°Í�ÌYÐð¬ÊyÍ�ßUÝ1âËÍ��nÓËÊyÍ�×¿ÌUÍ¬ì´Ê�Ù|ÓPÈ�Îyß¿Ê�Ù|ÓËÊ�nè|È�Ó��Qç�Ê�×Uâ7ÓûØËÓ&ÔjÕË×7
¿Í�âËÍ�ÓJæ�Í�×¿Ì�âËÍ�ßF�[Ê�è°Í�Î�Ê�ÖnÝMÝ´â�ìMà@ÖËÓËÊ�Ì¿ÌUÍ�ß]�!Í�ÊËâËÍ�×Ñ$ÎyÍ�èMÌ¿×UÝÞÓnÍ�Ó7ìMÍ�ÎyÍ�èMÌ¿ÊyÝÞÓf�!Í�×UÍ�àUÖËÓnÍ�ÌVP�ç8Ý"�!Í�Ê´âaÊyÍF�fÓ���È�ÖËÎ´âËÍ�×�ì´Ê�Ù|ÓPÈ�Î�òhØËÓnâ�ªfÓûÌUÍ�×¿Ù|×¿ØËÓnâËÍ�×UÍ�Ê�Ù|ÓËÊyß@ßUÍøíJÊ�ÌWâËÍ�×ô È�Ì¿×¿Ê�´ò¢ô�Í�Ì¿ÖnÝ´âËÍ°c§Ç�È�É-ÐËÚaÐ�ÛaÐ�ïld8Í�×¿íJÊ�Ì¿ÌUÍ�Î�Ì�ç8Í�×UâËÍ�Ó-ÐËð�ÈÞßEÑ$×¿Ù°Í �ËÓËÊyßEÊyß¿ÌøÊ�ÓY�	���ËÊ�ÎyâaØËÓËÙ�ÚaÐ�þ ânÈ�×¿Ù°Í�ßUÌUÍ�Î�Î�ÌYÐ

��ÕË×$âaÊyÍw� ÓPÈ�Î�SaßUÍøç�ØË×UâËÍQâËÍ�×�ìMàUÖËÓËÊ�Ì¿Ì8È�ØaÔ}�[Ê�è°Í�Î�Ê�ÖnÝMÝ´âXä úaÐ ö�Ô§Í�ß¿Ì¿Ù°Í�ß@Í�ÌB��ÌYÐ|ðfÊyÍ�ß@Í�×�æ�Í�×¿Ì�Í�Ó´ÌUß¿ÉË×¿ÊyàUÖ´Ì]��çEÈ�×ÓËÊyàUÖ´Ì�Í��ËÈ�èMÌfâËÍ�í ô�È;�aÊ�í ØËí âËÍ�×1ì´Ê�Ù|ÓËÊ�nè|È�Ó��lPhÊyß¿ÌF
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ffake = 24.43%
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ªfíüÌ@È�ÌUß��ÞàUÖËÎ�Êyà@ÖnÍ>ÖPÈÞâa×UÝÞÓËÊyßUàUÖnÍI�°Í�ÌUß ß@ÝYç8ÝÞÖËÎ�ý°ÝÞÓåÍ�ÎyÍ�èMÌ¿×UÝÞí�È�Ù|ÓnÍ�Ì¿ÊyßUà@ÖnÍ�ÓË�	��
¿Í�èMÌUÍ�ÓåÈ�ÎyßfÈ�Ønà@Ö3ý°ÝÞÓ

�	��
¿Í�è´ÌUÍ�ÓQPMâaÊyÍ1âaØË×UàUÖ�Í�ÎyÍ�èMÌ¿×UÝÞÓËÊyßUàUÖnÍ�ßw�¬È�ØnßUàUÖnÍ�Ó�Í�ÓûÌUßUÌ@È�ÓnâËÍ�Ó³ßUÊ�Ónâ}P<��Ø�Ì¿×UÍ�ÓËÓnÍ�Ó³ç�Ê�×Uâ�Í�Ê�ÓnÍ$� Í�Ê�ÖnÍfý°ÝÞÓéfØPÈ�Î�Ê�Ì���ÌUß¿èM×¿Ê�ÌUÍ�×¿ÊyÍ�Ó3ý°ÝÞÓm�°Í�ÌUßQÙ°Í�Ô�ÝÞ×UâËÍ�×¿Ìfh�®.n�k�g
• Ñ�ÎyÍ�è´Ì¿×UÝÞí�È�Ù|ÓnÍ�Ì¿ÊyßUà@ÖnÍ�×$�fÓûÌUÍ�Ê�Îvc§Ñ�ôm�Fd�gPúaÐ�ú|Útç Ñ�ôm�wc��°Í�Ìéd@ç úaÐ�õ|Ú
• Ñ 2 '�Í�×¿Ö0��Î�Ì¿ÓËÊyß ý°ÝÞÓëÍ�ÓnÍ�×¿Ù|ÊyÍ�×UÍ�Êyà@Önß¿ÌUÍ�×$��ØëÓ0�ÞàUÖnß¿ÌUÍ�×r#hÍ�Î�ÎyÍ�Ê�í«�°Í�ÌVgnñE�¬Üw��ç�ÏYú
• �fÓ���È�ÖËÎ-âËÍ�×$#hÍ�Î�ÎyÍ�ÓëíJÊ�Ì¬õ|úl âËÍ�× Ñ$ÓnÍ�×¿Ù|ÊyÍpg?�1õ|ú�ä�Ï
• Ñ�ÓnÍ�×¿Ù|ÊyÍYÈ�ÓûÌUÍ�Ê�Î�Ê�í©�øÝ°È�×UßUÍ�ñ1ÈÞâa×UÝÞÓËÊyà�Ç�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×Vg7�øñ$��ç úaÐ ö

�fØaÔjÙ|×¿ØËÓnâ�âËÍ�×EÙ°Í�×¿Ê�ÓËÙ°Í�×UÍ�Ó3Ñ�ÓnÍ�×¿Ù|ÊyÍ�ò�� Ó´Ì¢ç8ÝÞ×¿Ì1âËÍ�ß�Ç�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×UßfÈ�ØaÔ�ÖPÈÞâa×UÝÞÓËÊyßUàUÖnÍ>ìMàUÖPÈ�ØnÍ�×bcjÊ�í¬'�Í�×óòÙ|ÎyÍ�Êyà@Ö���Ø&Í�ÎyÍ�è´Ì¿×UÝÞí�È�Ù|ÓnÍ�Ì¿Êyß@àUÖnÍ�Ó4d�Êyß¿Ì�Í�ß�Í�×óÔ�ÝÞ×UâËÍ�×¿Î�ÊyàUÖ�âaÊyÍ�Ì@È�ÌUßé�ÞàUÖËÎ�ÊyàUÖnÍfÑ$ÓnÍ�×¿Ù|ÊyÍQâËÍ�×F�°Í�ÌUß�íJÊ�Ì¿ÌUÍ�Îyß�Í�Ê�ÓnÍ�×ÇfÝÞ×¿×UÍ�è´Ì¿ØË×°c��°Í�Ìóò¢Ñ$ÓnÍ�×¿Ù|ÊyÍ�ò�ì´è|È�Î\È�P4�°ÑøìÎh�®4s�°z®4®�k�dEÈ�ØnßQâËÍ�× Ù°Í�í&Í�ßUßUÍ�ÓnÍ�Ó3Ñ$ÓnÍ�×¿Ù|ÊyÍ���ØA�hÍ�×UÍ�à@ÖËÓnÍ�Ó-ÐPð¬ÊyÍ�ßUÍÇfÝÞ×¿×UÍ�è´Ì¿ØË×�Êyß¿Ì�ÈD�ËÖ0��ÓËÙ|Ê�ÙCý°ÝÞÓ âËÍ�×�Ñ$ÓnÍ�×¿Ù|ÊyÍëâËÍ�×C�°Í�ÌUß�ØËÓnâ*Ê�ÖË×UÍ�×C�WÈ�Ù°ÍëÊ�í Ç�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×YÐ]��Ó_âaÊyÍ�ßUÍ�×
�fÓPÈ�Î�SMß@ÍQç�Ê�×Uâ�âaÊyÍe�°Ñ8ì�ýËÚaÐ�ÏQý°Í�×¿çøÍ�ÓnâËÍ�ÌYÐMð¬ÊyÍ¬Ç ÝÞ×¿×UÍ�èMÌ¿ØË×óÔ�È�èMÌUÝÞ×UÍ�Ó�ß¿Ê�Ónâ&Ê�ÓX�	���ËÊ�ÎyâaØËÓËÙ7ÚaÐ�ï Ê�Î�Î�Ønß¿Ì¿×¿ÊyÍ�×¿ÌYÐ

��ÕË×�âaÊyÍ�ßUÍ��fÓPÈ�Î�SaßUÍEç8Í�×UâËÍ�Ó³È�ØnßUßUàUÖËÎ�ÊyÍ y|Î�Êyà@ÖY�ûÍ�ÌUß$ý°Í�×¿ç8Í�ÓnâËÍ�ÌVPMâaÊyÍ È�Î�ÎyÍféfØPÈ�Î�Ê�Ì���ÌUß¿èM×¿Ê�ÌUÍ�×¿ÊyÍ�Ó�Í�×óÔ§ÕËÎ�ÎyÍ�ÓØËÓnâ³Í�Ê�ÓnÍ�Ó�Ü-×@È�Ónß¿ý°Í�×UßRÈ�Î�Ê�íJÉËØËÎyßQý°ÝÞÓ
p 2 > 20

á1Íx' ÖPÈD�hÍ�Ó-Ð��fØ�y°Í�×UâËÍ�í çøÍ�×UâËÍ�Ó�ÓûØË×��°Í�ÌUßv�!Í�×¿ÕnàUèaß¿ÊyàUÖaòÌ¿Ê�Ù|Ì¬âËÍ�×UÍ�Óm!�ßUÍ�ØnâËÝÞ×@È�ÉËÊyâaÊ�Ì���Ì |η| < 2.5
ÊyßUÌVPPânÈJâaÊyÍ�ß¬âËÍ�×e�	�hâËÍ�à@è´ØËÓËÙ�âaØË×UàUÖ âaÊyÍ Í �!Í�ÓaÔ�È�Î�Îyße�hÍ�Ó?OÞÌ¿Ê�Ù|ÌUÍ

b
ò���âËÍ�Ó´Ì¿Ê�nèÞÈ�Ì¿ÊyÝÞÓ�Í�ÓûÌUß¿ÉË×¿Êyà@ÖûÌYÐìMÍ�Î��nß¿Ì�ÓPÈÞà@Ö�âËÍ�Ó�éfØPÈ�Î�Ê�Ì���ÌUß@ßUàUÖËÓËÊ�Ì¿ÌUÍ�ÓdÈ�ØaÔøÇ�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×¿Ù|×&O"y°Í�ÓCçøÍ�×UâËÍ�Ó�ÓnÝ´à@Ö�ý´ÊyÍ�ÎyÍ°�°Í�ÌUß�È�è9�YÍ�ÉaòÌ¿ÊyÍ�×¿ÌVP´âaÊyÍ È�Ønß�Í�ÎyÍ�èMÌ¿×UÝÞÓËÊyßUàUÖnÍ�í¬�fÈ�Ønß@àUÖnÍ�Ó�ß¿Ì@È�íJí&Í�Ó-Ð´ð¬ÊyÍ�ß�Ù|Ê�Î�Ì�Ê�Ónß&�hÍ�ßUÝÞÓnâËÍ�×UÍ�ÔjÕË×�âaÊyÍe�i�v��~�P°ânÈ�âËÍ�×UÍ�Óð1Í�ÌUÍ�èMÌUÝÞ×¿è°ÝÞíJÉhÝÞÓnÍ�Ó´ÌUÍ�Ó_âaØË×UàUÖ*Í�Ê�ÓnÍ³ßUàUÖËÎyÍ�à@ÖûÌUÍ�Ñ$ÓnÍ�×¿Ù|ÊyÍYÈ�Ø�ð0O|ß¿ØËÓËÙ�ØËÓnâ Í�Ê�ÓnÍ�ßUàUÖËÎyÍ�à@ÖûÌUÍ�Ñ$ÓnÍ�×¿Ù|ÊyÍYÈ�Ó´ÌóòçøÝÞ×¿Ì8Ù°Í�è°Í�ÓËÓ��YÍ�Êyà@ÖËÓnÍ�ÌEßUÊ�Ónâ[Ðûð�È�ÖnÍ�×8ÊyßUÌ�Í�ß8Í�×óÔ�ÝÞ×UâËÍ�×¿Î�ÊyàUÖ�ç8Í�Ê�ÌUÍ�×UÍ�éfØPÈ�Î�Ê�Ì���ÌUß@È�ÓaÔ�ÝÞ×UâËÍ�×¿ØËÓËÙ°Í�ÓëÈ�Ó�âaÊyÍ$�°Í�ÌUß

~��/ÿ#s�7>=.���x�i�t����,
0.8 . |η| . 1.4
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� �u! ���V�p� � �x�p�i���x���x�R%V�o�2)+' � �x��.é�
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� � ! %V�o�2)+' � �x��.é�$�w���~¿T�x��$�$é���x���w0i�t�i�(0
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� � ! %��t�2)+' � �x��.��f�w���R¿T�x��$�$é���x���w0��o���+0�)D�D�p�0���/7
�����;�w�o���3)D�+$��u.��$�Æ't�y4K���3.é�D�i�

 [GeV]p
0 20 40 60 80 100

 [1
/2

.0
 G

eV
]

T
dpdN

0

5

10

15

20

25

30

310× p14 Daten
νe→W

-τ+τ/-e+e→Z
ντ→W

νeνebb→tt
νjjebb→tt

*10bbνe→WH
QCD

 = 1473.722χ

� � ! %V�o�2)+' � �x��.é�¬�w��� ¿<�x�*$V$����x���w0i�t�i�+0VZt�4���/7
�����D�w�t���3)D�($Ë�u.��Á�Æ't�y4K���3.é�D�i�÷)D�D�éC�i�('o���"�;���
��� � �;��� ���x� � 'o���z�?�D���3$é�t�

	 ththZÇÒ´kW]-T-u¹G.Ô��}Ôfì´ÉhÍ�èMÌ¿×¿ØËí âËÍ�ßfÜ-×@È�Ónß¿ý°Í�×Uß@È�Î�Ê�íJÉËØËÎyß@Í�ßfý°ÝÞÓ�Ñ$ÎyÍ�èMÌ¿×UÝÞÓnÍ�ÓåÓPÈÞà@ÖåâËÍ�×ìMÍ�ÎyÍ�è´Ì¿ÊyÝÞÓdý°ÝÞÓ æ ò¢Ñ�×UÍ�Ê�Ù|ÓËÊyßUßUÍ�Ó c§Ç�È�É-Ð$þaÐ�Ûld�Ô§ÕË×>ý°Í�×UßUàUÖËÊyÍ�âËÍ�ÓnÍ�ÇfÝÞ×¿×UÍ�è´Ì¿ØË×UÍ�Ó_âËÍ�×Jß¿Ê�òí ØËÎ�ÊyÍ�×¿ÌUÍ�Ó�Ñ$×UÍ�Ê�Ù|ÓËÊyßUßUÍ|Ð
��ØåßUÌUÍ�Î�ÎyÍ�Ó-ÐNð�ÈD��Ø�ç8Í�×UâËÍ�ÓR�¢ÓaÔ�ÝÞ×¿í�È�Ì¿ÊyÝÞÓnÍ�Ó�È�ØnßfâËÍ�×�ì´ÉËØË×¿×UÍ�è°ÝÞÓnß¿Ì¿×¿ØËèMÌ¿ÊyÝÞÓ�ÖnÍ�×@È�ÓËÙ°Í �YÝÞÙ°Í�Ó-Ð[ð�È&Í�Ê�ÓÎ�°Í�ÌÈ�Ønßfý´ÊyÍ�ÎyÍ�Ó ÜWÍ�Ê�Îyà@ÖnÍ�Ó�Í�Ê�ÓnÍ�ß$!�È�×¿ÌUÝÞÓaò�ìMàUÖPÈ�ØnÍ�×Uß¸Í�ÓûÌUß¿ÌUÍ�Ö´ÌVP.�hÍ�Ê�ÓËÖPÈ�Î�ÌUÍ�Ì�Í�×�È�ØnàUÖ Í�ÓûÌUß¿ÉË×UÍ�à@ÖnÍ�Ónâ ý´ÊyÍ�ÎyÍ¸Ù°Í�òÎ\ÈÞâËÍ�ÓnÍ�ÜWÍ�Ê�Îyà@ÖnÍ�ÓQPPâaÊyÍ�ì´ÉËØË×UÍ�Ó�Ê�í ìMô�Ü~ØËÓnâ��v��ÜÿÖËÊ�Ó´ÌUÍ�×¿Î\ÈÞßUßUÍ�Ó-Ð?�°Í�Ì@È�×¿Ì¿Ê�Ù°Í�Ñ�ÓnÍ�×¿Ù|ÊyÍ�âËÍ�ÉhÝ|ß¿Ê�Ì¿ÊyÝÞÓnÍ�ÓåÊ�íÇ�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×QÝÞÖËÓnÍ�ì´ÉËØË×UÍ�ÓQPËâaÊyÍ¬Ê�Ó³âËÍ�ß@ßUÍ�ÓW�QÊyàUÖ´Ì¿ØËÓËÙ¯�YÍ�Ê�Ù°Í�ÓQPËß¿Ê�Ónâ³È�ÎyßUÝ>íJÊ�ÌøÙ|×UÝ"y°Í�×�æCÈ�ÖË×Uß@àUÖnÍ�Ê�ÓËÎ�ÊyàUÖaòè°Í�Ê�Ì È�Ønße�¬È�ØnßUàUÖnÍ�ÓåÍ�ÓûÌUß¿Ì@È�ÓnâËÍ�Ó-Ð

�°Í�ÌUßVPnâaÊyÍ1íJÊ�Ì Ù°Í�Î\ÈÞâËÍ�ÓnÍ�Ó�ì´ÉËØË×UÍ�ÓåÈÞßUßUÝ"��Ê�ÊyÍ�×¿Ì ç8Í�×UâËÍ�Ó3èlOÞÓËÓnÍ�ÓQPnç8Í�×UâËÍ�Ó�È�ÎyßE÷xø-���lø<ÿ��,ù>ÝMâËÍ�×QÌ@È�Ùp�PÈ�×
�!Í �YÍ�ÊyàUÖËÓnÍ�ÌYÐQð�ÈÞßm#NØnÝÞ×UâaÓ´ØËÓËÙ°ß¿ý°Í�×óÔ�È�ÖË×UÍ�Ó Ô�ÈÞß@ß¿ÌX��ØËÓ0�ÞàUÖnß¿Ì�ì´ÉËØË×UÍ�ÓÜ��Ø ÷�ýiø��u¢8lVù ÷�óZh�®6�Tkr��ØnßRÈ�íJí&Í�Ó-ÐÑ$Ê�ÓëßUÝÞÎyà@ÖnÍ�×�÷�ýiø���¢wlKù ÷��!Í�Ó?OÞÌ¿Ê�Ù|Ì�íJÊ�ÓnâËÍ�ß¿ÌUÍ�Ónßw��ç8Í�Êrì´ÉËØË×UÍ�Ó�íJÊ�ÌQÍ�Ê�ÓnÍ�íüÜW×@È�Ónß¿ý°Í�×Uß@È�Î�Ê�íJÉËØËÎyß ý°ÝÞÓ

p 2 >
0.5

á1Íx'°PÞâaÊyÍv��Ønß���ÌB��Î�ÊyàUÖ�ì´Ì@È�ÓnânÈ�×UâMò�éfØPÈ�Î�Ê�Ì���ÌUßUè´×¿Ê�ÌUÍ�×¿ÊyÍ�Ó�Í�ÓûÌUß¿ÉË×UÍ�à@ÖnÍ�Ó�í Õnß@ßUÍ�Ó-ÐÞô3Ê�ÓnâËÍ�ß¿ÌUÍ�Ónß$Í�Ê�ÓnÍ ì´ÉËØË×Ê�íÛ÷�ýiø��u¢2lVù ÷�í¸ØnßUßv��Ønß���ÌB��Î�ÊyàUÖ
p 2 > 1.0

á�Íx' Í�×óÔ§ÕËÎ�ÎyÍ�Ó-ÐaìMà@ÖËÎ�ÊyÍ y|Î�ÊyàUÖëí¸ØnßUßEâaÊyÍ	� ÊyàUÖ´Ì¿ØËÓËÙ°ß@ÈD�ûçøÍ�ÊyàUÖûØËÓËÙ
��ç�ÊyßUà@ÖnÍ�Ó âËÍ�í ÷�ýBø���¢YlKù ÷�ØËÓnâ âËÍ�í �°Í�Ì�Ê�í
Ç�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×

∆
�
< 0.5

Í�×óÔjÕËÎ�ÎyÍ�Ó-Ð ð1ÈdâaØË×Uà@Ö âaÊyÍ�ßUÍ



¡ £ ( £ ã�6<243 )&ê

	 tNthZÇÒ´kW]-TWu�G.Ô�Õ<É}Ô��°Í�Ìóò¢Ñ$ÓnÍ�×¿Ù|ÊyÍ�ò�ì´è|È�Î\È ÇfÝÞ×¿×UÍ�è´Ì¿ØË×óÔ�È�è´ÌUÝÞ×WÔjÕË×Q�ûÍ�ÌUßrÈ�Ønß-Í�à@ÖûÌUÍ�Ó¸ð�È�ÌUÍ�ÓÊ�ÓA�	�ËÖ0��ÓËÙ|Ê�Ù|è°Í�Ê�Ì ý°ÝÞÓ
p 2 ØËÓnâ η h�®4s�k¢Ð

	 tNthZÇÒ´kW]-TWuéG.Ô�Õ�Õ�Ôw�ûÍ�Ìóò¢Ñ$ÓnÍ�×¿Ù|ÊyÍ�ò�ì´èÞÈ�Î\È�Ç ÝÞ×¿×UÍ�èMÌ¿ØË×óÔ�È�èMÌUÝÞ×8È�Ønß$ß¿Ê�í¸ØËÎ�ÊyÍ�×¿ÌUÍ�Ó�Ñ$×UÍ�Ê�Ù|ÓËÊyßóòßUÍ�Ó�Ê�ÓA�	�ËÖ0��ÓËÙ|Ê�Ù|è°Í�Ê�Ì ý°ÝÞÓ
p 2 ØËÓnâ η h�®.s�k¢Ð
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÷xø����<ø<ÿ�þ¡�Ýþ�÷�û*Ù°Í�ÎyÍ�Ù°Í�ÓûÌ¿Î�Êyà@Ö È�ØnàUÖ Í�àUÖ´ÌUÍÎ�°Í�ÌUß�ý°Í�×¿ç8ÝÞ×óÔ�Í�ÓlçøÍ�×UâËÍ�ÓQPEÊyß¿Ì�Ê�ÖË×UÍ Ñz����ÊyÍ�Ó���Ô§ÕË×�ð�È�ÌUÍ�ÓlØËÓnâì´Ê�í ØËÎ\È�Ì¿ÊyÝÞÓåÙ°Í�Ì¿×UÍ�ÓËÓûÌ	�hÍ�ß¿Ì¿Ê�íJí¸Ì çøÝÞ×UâËÍ�Ó-Ð

Í}¸�®Q¸¯³}º9¾�¼�º9¿qÂ�º<ÈX¹]ÈDà?¿�Å��4ºTÈ;ÅVà?¼�»�å��zÀ�¼ÇÅ
ìMàUÖ´çøÈÞàUÖ�çøÍ�àUÖnßUÍ�Î�ç�Ê�×¿è°Í�ÓnâËÍJÜrÍ�Ê�ÎyàUÖnÍ�Ó�ç�ÊyÍb�fÍ�ØËÌ¿×¿Ê�ÓnÝ|ßfý°Í�×¿ØË×Uß@ÈÞàUÖnÍ�Ó ÓnÝÞ×¿í�È�ÎyÍ�×¿çøÍ�ÊyßUÍ7è°Í�Ê�ÓnÍ�æ�Í�à@ÖaòßUÍ�Î�ç�Ê�×¿èMØËÓËÙ&Ê�íüð1Í�ÌUÍ�è´ÌUÝÞ× ØËÓnâëÍ�ÓûÌB��ÊyÍ�ÖnÍ�Ó�ß¿ÊyàUÖ3ânÈ�íJÊ�ÌfÍ�Ê�ÓnÍ�× âaÊ�×UÍ�è´ÌUÍ�ÓåôåÍ�ßUßUØËÓËÙnÐ�� Î�ÎyÍ�×UâaÊ�ÓËÙ°ß�ÊyßUÌQÍ�ß�Ê�ÓýMÊyÍ�ÎyÍ�ÓÎ�a��Î�ÎyÍ�Ó�âËÍ�ÓËÓnÝMàUÖ�í�OÞÙ|Î�Êyà@ÖQP-Í�Ê�ÓËÊ�Ù°ÍJâËÍ�×�Ñ$Ê�Ù°Í�ÓnßUàUÖPÈ�Ô§ÌUÍ�Ó�ç�ÊyÍI�°Ð ÷1Ð!Ê�ÖË×UÍ�Ó�Ü-×@È�Ónß¿ý°Í�×Uß@È�Î�Ê�íJÉËØËÎyßf��Ø
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b
ò�éfØPÈ�×¿è

�°Í�ÌUß Í�ÓûÌ¿ÖPÈ�Î�ÌUÍ�Ó-Ðð¬ÊyÍX��âËÍ�Ó´Ì¿Ê�nèÞÈ�Ì¿ÊyÝÞÓ*ý°ÝÞÓ
b
ò��ûÍ�ÌUß7Êyß¿Ì¸í�OÞÙ|Î�Êyà@ÖQP$ânÈ3ânÈÞß

b
ò�éfØPÈ�×¿èCÊ�í á1Í�Ù°Í�ÓnßRÈ�ÌB�Y��ØdâËÍ�Ó_È�ÓnâËÍ�×UÍ�ÓéfØPÈ�×¿èaß Í�Ê�ÓnÍJ×UÍ�Î\È�Ì¿Ê�ý�ÖnÝÞÖnÍC�-Í �hÍ�Ónß@ânÈ�ØnÍ�×¸ÖPÈ�ÌVP-âaÊyÍ�Í�Ì¢çøÈ�Ï|Ð�Ú³Énßf�hÍ�Ì¿×���Ù|ÌYÐrð1ÈÞß�ÖPÈ�Ìf��ØË×f�nÝÞÎ�Ù°ÍpPrânÈÞßUßâaÊyÍ³íJÊ�Ì¿Ì¿ÎyÍ�×UÍm�rÎ�ØËÙ°ßUÌ¿×UÍ�àUè°ÍW�!Í�ÊQÍ�Ê�ÓnÍ�í ��íJÉËØËÎyß&ý°ÝÞÓ*öûúCá1Í�' Í�Ì�çøÈ�ï�íJí Êyß¿ÌYÐ$ð¬ÊyÍåì´ÉËØË×UÍ�Ó âËÍ�×JÙ°Í�òÎ\ÈÞâËÍ�ÓnÍ�ÓÿÜWÍ�Ê�Îyà@ÖnÍ�Ó Í�Ê�ÓnÍ�ß

b
ò�#hÍ�×óÔ�È�Î�Îyß³ß¿Ì@È�íJí&Í�Ó È�ÎyßUÝCÓËÊyàUÖûÌ³ý°ÝÞí ÉË×¿Ê�íC��×UÍ�Óÿæ�Í�àUÖnßUÍ�Î�ç�Ê�×¿èMØËÓËÙ°ß¿ÉËØËÓËèMÌ

c�!$×¿Ê�íC��×¿ý°Í�×¿ÌUÍ��}Pq!F'Ed�P!ç�ÊyÍ7Ê�ÓR�	���ËÊ�ÎyâaØËÓËÙåÚaÐ�ÏYï�Ê�Î�Î�Ønß¿Ì¿×¿ÊyÍ�×¿Ì�Êyß¿ÌYÐ7��ÕË×�âaÊyÍ¯� Í�è°ÝÞÓnßUÌ¿×¿ØËè´Ì¿ÊyÝÞÓ�âËÍ�×�ð�È�ÌUÍ�ÓâËÍ�ß�ð � ò¢Ñz�aÉhÍ�×¿Ê�í&Í�Ó´ÌUß�ß¿Ê�Ónâ>ý°Í�×UßUàUÖËÊyÍ�âËÍ�ÓnÍw�fÎ�Ù°ÝÞ×¿Ê�Ì¿ÖËí&Í�Ó¯��ØË×z��âËÍ�Ó´Ì¿Ê�nèÞÈ�Ì¿ÊyÝÞÓJý°ÝÞÓ
b
ò�éfØPÈ�×¿èMß$Í�Ó´Ì¢ç�ÊyàUè°Í�Î�ÌçøÝÞ×UâËÍ�ÓUh�®4æ�k¢Ð
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b

SV

IP

PV
IP ~3 mm

~300   mµ

	 ththZÇÒ´kW]-T-u G.Ô�Õ<�}Ô	#hÍ�×óÔ�È�Î�ÎyßUý°Í�×¿ÌUÍ��~Í�Ê�ÓnÍ�ß
b
ò�éfØPÈ�×¿èaß�ØËÓnâÁ�¢Î�Î�ØnßUÌ¿×@È�Ì¿ÊyÝÞÓlâËÍ�ßmþÇü	ô�ø��K÷

ô�ø"ýBø"üCù ÷�ù�ý�¬�c�!a'@ $!�×¿Ê�íC��×¿ý°Í�×¿ÌUÍ��7P[ìT'@ �ìMÍ�èMØËÓnâ?��×¿ý°Í�×¿ÌUÍ��[Ðod
ð1Í�×¸ìMÍ�è´ØËÓnâ?��×óòx'�Í�×¿ÌUÍ��CÜ�È�Ù|Ù°Í�×Yc�ìT'��Edf×UÍ�è°ÝÞÓnß¿Ì¿×¿ØËÊyÍ�×¿Ì¸âËÍ�Ó±#hÍ�×óÔ�È�Î�ÎyßUý°Í�×¿ÌUÍ���âËÍ�ß

b
ò�éfØPÈ�×¿èaß�âaÊ�×UÍ�èMÌÈ�Ønß�âËÍ�Ó3ì´ÉËØË×UÍ�Ó-Ð?�fÎyß

b
òx'�Í�×¿Ì¿Ê��YÍ�ß�çøÍ�×UâËÍ�Ó3ânÈ�ÓËÓëßUÝÞÎyàUÖnÍr'�Í�×¿Ì¿Ê��YÍ�ß{�!Í �YÍ�ÊyàUÖËÓnÍ�ÌVPPâaÊyÍ1íJÊ�ÌEÍ�Ê�ÓnÍ�×�ý°ÝÞ×¿Ù°Í�Ù°Í�ò

�!Í�ÓnÍ�Óåì´Ê�Ù|ÓËÊ�nèÞÈ�Ó��¸ÓËÊyàUÖûÌfíJÊ�Ì âËÍ�í�!$×¿Ê�íC��×¿ý°Í�×¿ÌUÍ��3ÊyâËÍ�Ó´Ì¿ÊyßUàUÖ�ß¿Ê�Ónâ[Ðð¬ÊyÍr�hÍ�ÊyâËÍ�Óëô�Í�Ì¿ÖnÝ´âËÍ�ÓQPËâaÊyÍ�È�ØaÔ�âËÍ�íüßUÝ>Ù°Í�ÓPÈ�ÓËÓûÌUÍ�ÓUþÇü	ô�ø��V÷7ô�ø"ýBø"üCù ÷�ù�ýAc���!�d��PÈÞß¿ÊyÍ�×UÍ�ÓQPaý°Í�×¿çøÍ�ÓaòâËÍ�Ó°��çøÈ�×�âaÊyÍw��ÓaÔ�ÝÞ×¿í�È�Ì¿ÊyÝÞÓnÍ�Ó�È�Ønß�âËÍ�Ó�ì´ÉËØË×UÍ�ÓQP|ý°Í�×B��ÊyàUÖ´ÌUÍ�Ó�
¿Í�âËÝ´à@Ö�È�ØaÔhâaÊyÍ�Í��aÉËÎ�Ê���Ê�ÌUÍw� Í�è°ÝÞÓnß¿Ì¿×¿ØËèMÌ¿ÊyÝÞÓâËÍ�ß�ßUÍ�èMØËÓnâ?��×UÍ�ÓC'�Í�×¿ÌUÍ��[Ð°ð1Í�×�þ�ü	ô�ø��K÷0ô�ø"ýBø"üCù ÷�ù�ý�ÊyßUÌ�âËÍ�×�íJÊ�ÓËÊ�í�È�ÎyÍe�	�nß¿Ì@È�Ónâ¯��ç�Êyß@àUÖnÍ�Ó�âËÍ�×]�hÍ�Ì¿×@ÈÞà@ÖaòÌUÍ�ÌUÍ�Ó�ì´ÉËØË×QØËÓnâ�âËÍ�íù×UÍ�è°ÝÞÓnß¿Ì¿×¿ØËÊyÍ�×¿ÌUÍ�Ó\!�×¿Ê�íC��×¿ý°Í�×¿ÌUÍ��!Ðð1Í�× �&õ��9ö0÷�þÇö��Ëó�þD�pö.ù�¨|þÇü	ô�ø��V÷vô�ø"ýBø"üCù ÷�ù�ý[cx��ì9��!�d°�fÎ�Ù°ÝÞ×¿Ê�Ì¿ÖËí Ønß�ÊyâËÍ�ÓûÌ¿Ê�?��ÊyÍ�×¿Ì
b
ò�éfØPÈ�×¿èaß&âaØË×UàUÖÍ�Ê�ÓnÍ�íJÊ�ÓËÊ�í�È�ÎyÍW� Ó���È�ÖËÎEý°ÝÞÓ ì´ÉËØË×UÍ�ÓQP$âaÊyÍ³Í�Ê�ÓnÍ�Ó_ß¿Ê�Ù|ÓËÊ�nè|È�ÓûÌUÍ�ÓZ��! ÖPÈD�hÍ�Ó-Ð�Ñ$Ê�ÓnÍ�Ó È�ÓnâËÍ�×UÍ�ÓZ�fÓnß@È�ÌB�ý°Í�×óÔ�ÝÞÎ�Ù|Ì�âËÍ�×6lKùK÷~� þ ÐVù ÷�þ�üCùzô.ýiõ<ÿ&ø<ÿ�þ¡�Ýþ�÷�ûI÷xø-�Yc��<�Q��!vd�PûâËÍ�×�Ê�Ó&âaÊyÍ�ßUÍ�×�� ÓPÈ�Î�SaßUÍEý°Í�×¿ç8Í�ÓnâËÍ�Ì8ç�Ê�×UâJØËÓnâJØËÓ´ÌUÍ�ÓÊ�í ð1Í�Ì@È�Ê�Î!Í�×¿èMÎ>��×¿Ì�ç�Ê�×Uâ[Ðañ ÊyÍ�×Eç�Ê�×UâëÈ�Ønß�âËÍ�ÓW��íJÉPÈÞà�Ìóò�!�È�×@È�í&Í�ÌUÍ�×¿Ó È�Î�ÎyÍ�×fì´ÉËØË×UÍ�ÓëÍ�Ê�ÓnÍ�ßw�°Í�ÌUß�Í�Ê�ÓnÍ�á1Í�òß@È�í¸Ì¢çøÈ�ÖË×Uß@àUÖnÍ�Ê�ÓËÎ�ÊyàUÖËè°Í�Ê�ÌfÍ�×¿×UÍ�àUÖËÓnÍ�ÌVPûânÈÞß@ß�Í�ß�ß¿Êyà@Ö�È�ØnßUßUà@ÖËÎ�ÊyÍ y|Î�ÊyàUÖ�ØËí ì´ÉËØË×UÍ�Ó�È�Ønß8âËÍ�íñ!$×¿Ê�íC��×¿ý°Í�×¿ÌUÍ��ÖPÈ�ÓnâËÍ�Î�ÌYÐÑ$Ê�ÓnÍ&çøÍ�Ê�ÌUÍ�×UÍ�ô\OÞÙ|Î�ÊyàUÖËè°Í�Ê�ÌVP

b
ò�éfØPÈ�×¿èMßf��ØCÊyâËÍ�Ó´Ì¿Ê�?��ÊyÍ�×UÍ�Ó±�!Í�ß¿ÌUÍ�Ö´Ì¸ânÈ�×¿Ê�ÓQPWÍ�Ê�Ó��YÍ�Î�ÓnÍ�ÜWÍ�Ê�Îyà@ÖnÍ�Ó_È�ØnßâËÍ�×UÍ�ÓÁ#hÍ�×óÔ�È�Î�ÎQÓPÈÞàUÖ���Ø´ç8Í�ÊyßUÍ�Ó-Ðøð�È\�aò�éfØPÈ�×¿èMßJÉË×@È�èMÌ¿ÊyßUà@Ö È�ØnßUßUàUÖËÎ�ÊyÍ y|Î�Êyà@Ö Õ��!Í�×&âËÍ�Ó Ç�È�ÓPÈ�Î

b → c
æ

�YÍ�×óÔ�È�Î�ÎyÍ�ÓQPWÍ�ÓûÌ¿ÖPÈ�Î�ÌUÍ�ÓdÍ�Ê�ÓËÊ�Ù°Í�âËÍ�×f�°Í�ÌUß>Ñ$ÎyÍ�è´Ì¿×UÝÞÓnÍ�ÓdÝMâËÍ�× ô�S°ÝÞÓnÍ�ÓdÈ�Ønß¸âËÍ�í #hÍ�×óÔ�È�Î�Î8âËÍ�ß æ~ò¢÷EÝ|ßUÝÞÓnßYÐð�È�ÖnÍ�×Wè|È�ÓËÓ¸Í�Ê�Ó
b
ò�éfØPÈ�×¿è È�Ønà@Ö>ânÈÞâaØË×Uà@Ö7ÊyâËÍ�ÓûÌ¿Ê�?��ÊyÍ�×¿Ì�ç8Í�×UâËÍ�ÓQPÞânÈÞßUßrßUÍ�Ê�Ób�°Í�Ì�Í�Ê�Ó ÓËÊyÍ�âËÍ�×UÍ�ÓnÍ�×¿Ù°Í�Ì¿Êyß@àUÖnÍ�ßÑ$ÎyÍ�èMÌ¿×UÝÞÓ�ÝMâËÍ�×8ômS°ÝÞÓ�Í�Ó´Ì¿Ö0��Î�ÌYÐ´ð¬ÊyÍ�ßUÍQô�Í�Ì¿ÖnÝMâËÍQç�Ê�×Uâ��!Í�ÊPð � È�Îyß�ó õyÐ ÷;��ù�ô.÷xõ"öA÷xø��Ac�ì9�MÜedF�hÍ �YÍ�Êyà@ÖËÓnÍ�ÌYÐ

�fÎ�ÎyÍ�×UâaÊ�ÓËÙ°ß�Êyß¿Ì�âaÊyÍQÑa����ÊyÍ�Ó��fâaÊyÍ�ßUÍ�×�ô�Í�Ì¿ÖnÝ´âËÍ âaØË×UàUÖ�ânÈÞßF'�Í�×B��ç8Í�Ê�Ù|ØËÓËÙ°ß¿ý°Í�×¿Ö0��Î�Ì¿ÓËÊyß�÷{�
(
æ → e, µ) ∼

20%
�hÍ�ßUÌ¿Ê�íJí Ì ØËÓnâ3ânÈ�ÖnÍ�×QÊ�ÓëâËÍ�×e!$×@È;�aÊyß�ÓûØË×1È�ÎyßQÍ�×¿Ù<��Ó��YÍ�ÓnâËÍ ô�Í�Ì¿ÖnÝMâËÍ1Ù°Í�Í�Ê�Ù|ÓnÍ�ÌYÐ

Í7¸>Í7¸�j4¸�ìWº<È¯ö6Ã§Óu®rîé¹]à�Ê4Ê0ºTÈ<¸f#NØË× ÷EÍ�×UÍ�àUÖËÓ´ØËÓËÙ�âaÊyÍ�ß@Í�ßQÜrÈ�Ù°ß ç8Í�×UâËÍ�Ó���ØËÓ0�Þà@Önß¿Ì¬È�Î�ÎyÍ>ì´ÉËØË×UÍ�Ó3Í�×óòíJÊ�Ì¿ÌUÍ�Î�ÌVPMâaÊyÍ Ê�ÓËÓnÍ�×¿ÖPÈ�Î���Í�Ê�ÓnÍ�ßv�� 1úaÐ�Ú¸Ç�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×óò��°Í�ÌUß�Î�ÊyÍ�Ù°Í�Ó-Ð9�¬ÈÞà@ÖnâËÍ�í âaÊyÍ1ì´ÉËØË×UÍ�Ó�Í�ÓûÌóÔ�Í�×¿ÓûÌEç�ØË×óòâËÍ�ÓQP!âaÊyÍ>ý°ÝÞÓR�hÍ�è|È�ÓËÓûÌUÍ�ÓË�fÍ�ßUÝÞÓPÈ�Ó��YÍ�Ó�ß¿Ì@È�íJí&Í�Ó[c
k0

s , Λ, γ → e+e−
d�Phç�Ê�×Uâ�Ô§ÕË×v
óÍ�âËÍ&ì´ÉËØË×�âaÊyÍæCÈ�ÖË×UßUà@ÖnÍ�Ê�ÓËÎ�ÊyàUÖËè°Í�Ê�Ì�Í�×¿×UÍ�àUÖËÓnÍ�ÌVPøânÈÞßUß&ß¿ÊyÍëý°ÝÞí !$×¿Ê�íC��×¿ý°Í�×¿ÌUÍ�� ß¿Ì@È�íJí¸ÌYÐ]�fÓnßUàUÖËÎ�ÊyÍ y°Í�Ónâ~ç8Í�×UâËÍ�ÓlâaÊyÍæCÈ�ÖË×UßUà@ÖnÍ�Ê�ÓËÎ�ÊyàUÖËè°Í�Ê�ÌUÍ�Ó�È�Î�ÎyÍ�×Qì´ÉËØË×UÍ�ÓX��Ø�Í�Ê�ÓnÍ�×�á1Í�ßRÈ�í Ì¢çEÈ�ÖË×UßUàUÖnÍ�Ê�ÓËÎ�Êyà@ÖËè°Í�Ê�Ì1è°ÝÞíf�ËÊ�ÓËÊyÍ�×¿ÌVPËânÈÞßUßEâËÍ�×{�°Í�Ìý°ÝÞÓëÍ�Ê�ÓnÍ�íùÎyÍ�Êyà@ÖûÌUÍ�Ó�éfØPÈ�×¿è³ÝMâËÍ�×QÍ�Ê�ÓnÍ�í á¬Î�ØnÝÞÓåß¿Ì@È�íJí ÌYÐ

#NØËÓ0�ÞàUÖnß¿Ì{�!Í�Ó?OÞÌ¿Ê�Ù|Ì8í�È�Ó�Ô§ÕË×8âaÊyÍ�ßUÍfôåÍ�Ì¿ÖnÝMâËÍfâaÊyÍ	� Ø�ð0O|ßUØËÓËÙ>âËÍ�×Qì´ÉËØË×¿×UÍ�è°ÝÞÓnß¿Ì¿×¿ØËèMÌ¿ÊyÝÞÓ-ÐMð�È âaÊyÍ�ßUÍý°ÝÞÓ3âËÍ�×$�WÈ�Ù°Í âËÍ�×�ì´ÉËØË×UÍ�Ó3Ê�íùð1Í�ÌUÍ�èMÌUÝÞ×fßUÝ�ç�ÊyÍ�ý°ÝÞÓåâËÍ�×$� Ó���È�ÖËÎWØËÓnâ��WÈ�Ù°Í¸âËÍ�×fÜ-×UÍ�F[Í�× Ê�í#ì´ÉËØË×UâËÍ�òÌUÍ�èMÌUÝÞ×�ÈD�ËÖ0��ÓËÙ|ÌVPMçøÍ�×UâËÍ�Ó3âaÊyÍ1ì´ÉËØË×UÍ�Ó�Ê�ÓëÚ¸Ç1Î\ÈÞßUßUÍ�Ó³ØËÓnâ�Ê�Ónß¿Ù°Í�ß@È�í¸Ì Û|õ>ì´Ø��aò¢Ç1Î\ÈÞßUß@Í�Ó3È�ØaÔjÙ°Í�ÌUÍ�Ê�Î�ÌYÐað¬ÊyÍÇ1Î\ÈÞßUßUÍ�ÓëßUÊ�Ónâ�Ô§ÝÞÎ�Ù°Í�ÓnâËÍ�×¿í�ÈDy°Í�Ó âËÍ��nÓËÊyÍ�×¿ÌVg
• ≤ 6

ÜW×UÍ�F!Í�×QÊ�íÛ�v��ÜÿØËÓnâ ≥ 1
Ü-×UÍ�F[Í�×QÊ�í ìMô�ÜEP |η| > 1.6

• ≥ 7
Ü-×UÍ�F[Í�× Ê�íÛ�v��ÜÿØËÓnâ¯
óÍ�çøÍ�Ê�Îyß ÏpPnÛ�PPï7ÝMâËÍ�×Qö&Ü-×UÍ�F[Í�×QÊ�Ó�ìMô�Ü ì´ØËÉ!Í�×¿Î\È�Ù°Í�Ó



¡ £ ¡ £ â9ç�*,Ú76T+42?*�¤l* �7/T2?*>Ù7+ ¡B(
ð¬ÊyÍ�Í�×Uß¿ÌUÍ8Ç1Î\ÈÞßUßUÍ$ÊyßUÌWânÈD�hÍ�Ê°ÔjÕË×�ì´ÉËØË×UÍ�Ób��Ønß¿Ì���ÓnâaÊ�Ù?P�âaÊyÍ$ÓËÊyàUÖ´Ìrí&Í�ÖË×rý°ÝÞÎ�Îyß¿Ì���ÓnâaÊ�Ù Ê�íë� è9�YÍ�ÉËÌ@È�Ó��K�hÍ�×UÍ�Êyà@ÖâËÍ�ß��v��Ü Î�ÊyÍ�Ù°Í�Ó-Ðhð¬ÊyÍ°ªfÓûÌUÍ�×¿ÌUÍ�Ê�Î�ØËÓËÙ�ÓPÈÞàUÖ�ÜW×UÍ�F!Í�×¿Ó�Ê�Ó�ìMô�Üøò�ì´ØËÉhÍ�×¿Î\È�Ù°Í�Ó�Êyß¿Ì�Í�×óÔ�ÝÞ×UâËÍ�×¿Î�ÊyàUÖQP[ânÈ�âaÊyÍ�ßUÍâaÊyÍ�� Ø�ð0O|ß¿ØËÓËÙ¬âËÍ�×�ì´ÉËØË×¿×UÍ�è°ÝÞÓnß¿Ì¿×¿ØËèMÌ¿ÊyÝÞÓJÍ�ÓûÌUßUà@ÖnÍ�ÊyâËÍ�Ónâb�!Í�Í�Ê�Ó�ðnØnßUßUÍ�Ó-Ð�ð¬ÊyÍ�Ñ$Ê�Ó´ÌUÍ�Ê�Î�ØËÓËÙfÊ�ÓJì´Ø��aò¢Ç1Î\ÈÞßUßUÍ�Ó
�!Í�×¿ÕnàUèaß¿ÊyàUÖ´Ì¿Ê�Ù|Ì¬È�Ø�y°Í�×UâËÍ�í âaÊyÍE!�ßUÍ�ØnâËÝÞ×@È�ÉËÊyâaÊ�Ì���Ì

η
PnâaÊyÍ éfØPÈ�Î�Ê�Ì���Ì âËÍ�×¬ì´ÉËØË×óò��fÓËÉPÈÞßUß¿ØËÓËÙ

χ2 ØËÓnâ�âËÍ�ÓÜW×@È�Ónß¿ý°Í�×Uß@È�Î�Ê�íJÉËØËÎyßQâËÍ�×Qì´ÉËØË×YÐ��rÕË×�
¿Í�âËÍ1ì´ÉËØË×øç�Ê�×Uâ³âaÊyÍ1ì´Ê�Ù|ÓËÊ�nè|È�Ó���âËÍ�ßv��íJÉPÈÞà�Ìóò�!�È�×@È�í&Í�ÌUÍ�×Uß
SIP =

IP
σIP

�!Í�×UÍ�àUÖËÓnÍ�Ì�ØËÓnâ ÔjÕË×b
¿Í�âËÍåÇ1Î\ÈÞßUß@Í3ý°ÝÞÓ ì´ÉËØË×UÍ�ÓÿÖËÊyß¿ÌUÝÞÙ|×@È�íJíJÊyÍ�×¿ÌYÐ��fØnß�âaÊyÍ�ßUÍ�ÓÿñfÊyß¿ÌUÝÞÙ|×@È�íJí&Í�Óç�Ê�×Uâ�Ó´ØËÓåâaÊyÍb� Ø�ð0O|ß¿ØËÓËÙ
R(SIP )

ý°ÝÞÓ
SIP

�!Í�ß¿Ì¿Ê�íJí¸ÌVPnÊ�ÓnâËÍ�í âaÊyÍ�ÓnÍ�ÙûÈ�Ì¿Ê�ý°Í ñr��Î�ÔjÌUÍ�âËÍ�ß1ì´ÉhÍ�èMÌ¿×¿ØËí&ßÈ�ÓÿâaÊyÍm�fØ�ð0O|ß¿ØËÓËÙ°ßóÔ§ØËÓËèMÌ¿ÊyÝÞÓ È�ÓËÙ°Í�ÉPÈÞß@ß¿Ì³ç�Ê�×Uâ[Ð$c§ð¬ÊyÍ�ÓnÍ�ÙûÈ�Ì¿Ê�ý°Í�ìMÍ�Ê�ÌUÍ�âËÍ�ßëì´É!Í�è´Ì¿×¿ØËí&ß³Í�Ó´Ì¿Ö0��Î�Ì�Ô�ÈÞß¿ÌÈ�ØnßUß@àUÖËÎ�ÊyÍ y|Î�ÊyàUÖÎ^�ÎyÍ�Êyà@ÖûÌUÍ�`�ì´ÉËØË×UÍ�ÓQP!ânÈ³ì´ÉËØË×UÍ�Ó ý°ÝÞÓ�ÜWÍ�Ê�Îyà@ÖnÍ�Ó�íJÊ�Ì1Ù|×UÝ"y°Í�×r�WÍ �hÍ�ÓnßUânÈ�ØnÍ�×1Ê�íJí&Í�×�Í�Ê�ÓnÍ�ÓÉ!Ý|ß¿Ê�Ì¿Ê�ý°Í�Ó���!*ÖPÈD�!Í�Ó-Ðod
�fØnß�âËÍ�ÓX�fØ�ð0O|ß¿ØËÓËÙ°ßóÔ§ØËÓËèMÌ¿ÊyÝÞÓnÍ�Ó�ç�Ê�×Uâ�ß@àUÖËÎ�ÊyÍ y|Î�ÊyàUÖåÍ�Ê�ÓnÍE�¢íJÉPÈÞà�Ìóò�!�È�×@È�í&Í�ÌUÍ�×óò�æCÈ�ÖË×UßUàUÖnÍ�Ê�ÓËÎ�Êyà@ÖËè°Í�Ê�ÌÈD�ËÙ°Í�ÎyÍ�Ê�ÌUÍ�ÌVg

Ptrk(SIP ) =

∫ −|SIP |
−50 R(s)ds
∫ 0
−50R(s)dsð¬ÊyÍ�ßUÍX�ËØËÓËèMÌ¿ÊyÝÞÓ±�!Í�ßUà@ÖË×UÍ�Ê��ËÌ&âaÊyÍ�æCÈ�ÖË×UßUà@ÖnÍ�Ê�ÓËÎ�ÊyàUÖËè°Í�Ê�ÌVP8ânÈÞßUß7Í�Ê�ÓnÍ�Í�Ê�Ó��YÍ�Î�ÓnÍ3ì´ÉËØË×&È�Ønß7âËÍ�í !$×¿Ê�òíC��×¿ý°Í�×¿ÌUÍ��ëß¿Ì@È�íJí¸ÌVPnç8Í�ÓËÓ3Ê�ÖË×UÍ�Ù°Í�í&Í�ßUßUÍ�ÓnÍ���íJÉPÈÞà�Ìóò�!�È�×@È�í&Í�ÌUÍ�×óò�ì´Ê�Ù|ÓËÊ�nèÞÈ�Ó��

SIP
�!Í�Ì¿×���Ù|ÌYÐ

�fØnßfâËÍ�Ó�æCÈ�ÖË×UßUàUÖnÍ�Ê�ÓËÎ�Êyà@ÖËè°Í�Ê�ÌUÍ�Ó�È�Î�ÎyÍ�×�ì´ÉËØË×UÍ�ÓåÊ�Ó�Í�Ê�ÓnÍ�í¶�°Í�Ì¬è|È�ÓËÓåßUÝ�Í�Ê�ÓnÍ7á1Í�ßRÈ�í Ì¢çEÈ�ÖË×UßUàUÖnÍ�Ê�ÓaòÎ�Êyà@ÖËè°Í�Ê�Ì�Ù°Í �ËÊ�ÎyâËÍ�Ì�ç8Í�×UâËÍ�ÓQP-ânÈÞß@ß�È�Î�Î�âaÊyÍ�ßUÍ&ì´ÉËØË×UÍ�ÓCÈ�Ønß�âËÍ�í�!$×¿Ê�íC��×¿ý°Í�×¿ÌUÍ��Cß¿Ì@È�íJí&Í�Ó[cÇ^B
¿Í�Ì¬Î�Ê�Ô�Í�Ì¿Ê�í&ÍÉË×UÝ"�PÈD�ËÊ�Î�Ê�Ì�SA�l�Q��!z`�d�g

P±
jet = Π± ×

N±
trk

−1
∑

j=0

(− log Π±)j

j!
, Π± =

N±
trk

∏

i=1

Ptrk(SIP>0
IP<0)

ð¬ÊyÍEßUÝ1âËÍ��nÓËÊyÍ�×¿ÌUÍEæCÈ�ÖË×UßUàUÖnÍ�Ê�ÓËÎ�Êyà@ÖËè°Í�Ê�Ì8ÖPÈ�Ì$âaÊyÍEÑ$Ê�Ù°Í�ÓnßUà@ÖPÈ�ÔjÌVP°ânÈÞß@ß$ß¿ÊyÍ�Ô§ÕË×�ÎyÍ�ÊyàUÖ´ÌUÍ��°Í�ÌUß�Ê�í ç8Í�ßUÍ�Ó´ÌóòÎ�Êyà@ÖnÍ�Ó�ðNÈÞàUÖ>ý°Í�×¿ÌUÍ�Ê�Î�Ìq��ç�Êyß@àUÖnÍ�ÓJúEØËÓnâ&Ï�ÊyßUÌVP�çv��ÖË×UÍ�Ónâ>ß¿ÊyÍ�Ô§ÕË×
b
òPØËÓnâ

c
ò��°Í�ÌUß�Í�Ê�ÓnÍ�ß¿Ì@È�×¿è°Í8Ç ÝÞÓ��YÍ�ÓûÌ¿×@È�Ì¿ÊyÝÞÓ

�!Í�ÊPèMÎyÍ�Ê�ÓnÍ�Ó�æ�Í�×¿ÌUÍ�Ó�È�ØaÔ§ç8Í�Êyß¿ÌEc§ßYÐ�ÈaÐ9�e���-ÐMþaÐ�ÏYïld�Ð9��ÓnßB�!Í�ßUÝÞÓnâËÍ�×UÍQè|È�ÓËÓ�âaÊyÍ$�nÍ�ÖËÎ�ÊyâËÍ�Ó´Ì¿Ê�nèÞÈ�Ì¿ÊyÝÞÓnß¿×@È�ÌUÍ�ÔjÕË×ÎyÍ�Êyà@ÖûÌUÍf�ûÍ�ÌUß ânÈ�íJÊ�Ì âaÊ�×UÍ�èMÌfÈ�ØnßQâËÍ�×QæCÈ�ÖËÎ-âËÍ�ß1ìMàUÖËÓËÊ�Ì¿ÌUÍ�ß¬ÈD�ËÙ°Í�ÎyÍ�Ê�ÌUÍ�Ì ç8Í�×UâËÍ�Ó-Ðð¬ÊyÍr�aò���ðfò�á¬×¿ØËÉËÉ!Í1ß¿ÌUÍ�Î�Î�ÌQâËÍ�Ì@È�Ê�Î�Î�ÊyÍ�×¿ÌUÍ ì´Ì¿ØnâaÊyÍ�ÓëØËÓnâX��ÓaÔ§ÝÞ×¿í�È�Ì¿ÊyÝÞÓnÍ�Ó�Ô§ÕË×{�hÍ�ßUÌ¿Ê�íJí ÌUÍ ìMàUÖËÓËÊ�Ì¿ÌUÍ¸È�ØaÔ
P+

jet

��ØË×$'�Í�×óÔ§ÕËÙ|ØËÓËÙnÐ.��Ónß¿Ù°Í�ß@È�í¸Ì1ç�ØË×UâËÍ�Ó âa×UÍ�Ê�ý°Í�×UßUà@ÖËÊyÍ�âËÍ�ÓnÍ�ìMàUÖËÓËÊ�Ì¿ÌUÍJâËÍ��nÓËÊyÍ�×¿ÌVP!âaÊyÍJÈ�ÎyßÑ��õVõDóVù P�ü�ùu¦
¨"þ¡�9üüØËÓnâR÷�þD���T÷v�hÍ �YÍ�Êyà@ÖËÓnÍ�ÌQç8Í�×UâËÍ�ÓåØËÓnâ3ìMàUÖËÓËÊ�Ì¿ÌUÍ�Ó3ý°ÝÞÓ

P+
jet < 0.014, 0.007, 0.004

Í�ÓûÌUß¿ÉË×UÍ�à@ÖnÍ�Ó-Ð
��ÕË×JâaÊyÍ�ßUÍëìMàUÖËÓËÊ�Ì¿ÌUÍ³çøÍ�×UâËÍ�Ó_Ê�ÓnßB�!Í�ßUÝÞÓnâËÍ�×UÍX!�È�×@È�í&Í�Ì¿×¿Êyß¿ÊyÍ�×¿ØËÓËÙ°Í�ÓlâËÍ�×JÜrÈ�Ù|Ù|Ê�ÓËÙÞò�æCÈ�ÖË×UßUà@ÖnÍ�Ê�ÓËÎ�ÊyàUÖËè°Í�Ê�ÌÔ§ÕË×�ß¿Ê�í¸ØËÎ�ÊyÍ�×¿ÌUÍ ØËÓnâ�Í�àUÖûÌUÍ1ð�È�ÌUÍ�ÓC�!Í�×UÍ�Ê�Ì¿Ù°Í�ß¿ÌUÍ�Î�Î�ÌVP´âaÊyÍfÈ�ØnàUÖ�È�Îyße÷xø-�°ýiøl÷�ùhÐV�9ö9�K÷�þ�õ"ö�óIc§Üw�	�Fd��hÍ �YÍ�Êyà@ÖËÓnÍ�ÌçøÍ�×UâËÍ�Ó-ÐPð¬ÊyÍ�ßUÍE!�È�×@È�í&Í�Ì¿×¿Êyß¿ÊyÍ�×¿ØËÓËÙ°Í�Ó ç8Í�×UâËÍ�Ó3Ê�Óm�e�ËÖ0��ÓËÙ|Ê�Ù|è°Í�Ê�Ìfý°ÝÞÓ

pT (jet)
ØËÓnâ

η(jet)
ßUÝ�ç8ÝÞÖËÎ-Ô§ÕË×

b
ò�éfØPÈ�×¿èMß�PPÈ�Îyß È�ØnàUÖëÔjÕË×

c
ò�ØËÓnâ�ÎyÍ�Êyà@ÖûÌUÍ7éfØPÈ�×¿èMßw�!Í�×UÍ�àUÖËÓnÍ�Ì°c��e���-ÐNÚaÐ�ÚaÐ�Ï�ØËÓnâA�	���-ÐnÚaÐ�ÚaÐ�Ï�d�Ð
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b
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�!Í�ß¿ÌUÍ�ÖûÌ�c��°Ð ÷1Ð!Ñ$×UÍ�Ê�Ù|ÓËÊyßUßUÍ7íJÊ�Ìr����ç�Ð[ÝÞÖËÓnÍ
b
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¡ ) ¡ £ ÙXâ�ã&6��72?*,Ú769+02?*�¤<* �7/<2?*>Ù7+
ç8Í�×UâËÍ�ÓQPËânÈÞß�âaÊyÍ1Ñz����ÊyÍ�Ó��YÍ�ÓåÍ�ÓûÌ¿Ö0��Î�ÌYÐ�'�ÝÞÓëâËÍ�×{�aò���ðfò�á¬×¿ØËÉËÉ!Í¬ç�Ê�×Uâ�È�Îyßw� Ønß¿ÙûÈ�Ónß@ânÈ�ÌUÍ�Ónß@È�ÌB��Í�Ê�ÓnÍ1Ñ$×óòÍ�Ê�Ù|ÓËÊyßUßUÍ�ÎyÍ�èMÌ¿ÊyÝÞÓëý°Í�×¿çøÍ�ÓnâËÍ�ÌVPPâaÊyÍ�ômS°ÝÞÓnÍ�Ó3Í�ÓûÌ¿Ö0��Î�ÌVPNâaÊyÍ�ß¿Êyà@ÖëÊ�ÓËÓnÍ�×¿ÖPÈ�Î��3Í�Ê�ÓnÍ�ß��!Í�ß¿Ì¿Ê�íJí¸ÌUÍ�Óm�	�nß¿Ì@È�ÓnâËßý°ÝÞÓA�°Í�ÌUße�hÍ��nÓnâËÍ�ÓëØËÓnâ3ßUÝÞíJÊ�Ì

b
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b
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#NØË×f÷EÍ�ß¿Ì¿Ê�íJí¸ØËÓËÙ�âËÍ�×¬ð1È�ÌUÍ�ÓËÓPÈ�ÖËí&Í�Í�����ÊyÍ�Ó��JÊyßUÌ Í�ß Í�×óÔ�ÝÞ×UâËÍ�×¿Î�ÊyàUÖQPhÓûØË×¬ð�È�ÌUÍ�Ó�È�ØnßB��Ø´çv��ÖËÎyÍ�ÓQP!âaÊyÍâaØË×UàUÖ³Í�Ê�ÓnÍ�Ó�ÝMâËÍ�×�í&Í�ÖË×UÍ�×UÍ¬âËÍ�×�Ù°Í�ç�ÕËÓnß@àUÖûÌUÍ�ÓëÑ�×UÍ�Ê�Ù|ÓËÊyß¿ÌUÝÞÉhÝÞÎyÝÞÙ|ÊyÍ1Í�Ó´ÌUß¿ÉË×UÍ�àUÖnÍ�ÓnâËÍ�Ó�Ü-×¿Ê�Ù|Ù°Í�×Eí�È�×¿èMÊyÍ�×¿ÌØËÓnâëÈ�ØaÔ§Ù°Í �YÍ�ÊyàUÖËÓnÍ�Ì¬ç�ØË×UâËÍ�Ó-Ð
��ÕË×�âËÍ�Ó�ý°Í�×¿çøÍ�ÓnâËÍ�ÌUÍ�Ó�ìaÈ�ÌB�fý°ÝÞÓ�Ü-×¿Ê�Ù|Ù°Í�×¿Ó�í ØnßUßøÈ�ÎyßUÝ�âaÊyÍfÜ-×¿Ê�Ù|Ù°Í�×UÍ�����ÊyÍ�Ó��1Ù°Í�í&Í�ßUßUÍ�Ó&çøÍ�×UâËÍ�Ó-ÐT��ÓâaÊyÍ�ßUÍ�×E�f×B�hÍ�Ê�Ì1ç�ØË×UâËÍ�Ó�È�ØnßUß@àUÖËÎ�ÊyÍ y|Î�ÊyàUÖ�Ü-×¿Ê�Ù|Ù°Í�×�ý°Í�×¿çøÍ�ÓnâËÍ�ÌVP-âaÊyÍ7íJÊ�ÓnâËÍ�ß¿ÌUÍ�Ónß�Í�Ê�ÓnÍ�Ó�Ç�È�ÓnâaÊyânÈ�ÌUÍ�Ó�Ô§ÕË×Í�Ê�ÓëÍ�ÎyÍ�èMÌ¿×UÝÞí�È�Ù|ÓnÍ�Ì¿ÊyßUàUÖnÍ�ß��	��
¿Í�è´ÌQÍ�Ó´Ì¿ÖPÈ�Î�ÌUÍ�Ó-Ð
ª í âaÊyÍ3ÜW×¿Ê�Ù|Ù°Í�×UÍ�����ÊyÍ�Ó�� ÔjÕË×�âaÊyÍ�ßUÍ3ÜW×¿Ê�Ù|Ù°Í�×Y��ØÁ�hÍ�ßUÌ¿Ê�íJí&Í�ÓQP�ç�Ê�×Uâ ç�ÊyÍ�âËÍ�×�âaÊyÍ ìMÍ�ÎyÍ�è´Ì¿ÊyÝÞÓlý°ÝÞÓ
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�¢Ó âËÍ�×3ýhÏ|Ï�ò�ìMÍ�×¿ÊyÍCÊyß¿ÌëâËÍ�×ëç�ÊyàUÖ´Ì¿Ê�Ù°ß¿ÌUÍ�ý°Í�×¿ç8Í�ÓnâËÍ�ÌUÍ Ü-×¿Ê�Ù|Ù°Í�×åÑ�ô�Qñ$��fìMñIPQâËÍ�×åÈ�ØaÔ>Ô�ÈÞß¿Ì3õ|úlâËÍ�×JßUàUÖËÎ�ÊyÍ y|Î�Êyà@Ö~ßUÍ�ÎyÍ�èMÌ¿ÊyÍ�×¿ÌUÍ�Ó*æ~ò¢Ñ$×UÍ�Ê�Ù|ÓËÊyßUßUÍëÈ�Ónß¿ÉË×¿Êyà@ÖûÌYÐ�Ñ�×Jý°Í�×¿Î\È�ÓËÙ|Ì�È�Ønß¯�-Í�ý°Í�Î�Ï³Í�Ê�ÓnÍ�Ó_Ñ$ÎyÍ�èMÌ¿×UÝÞÓaòÇ�È�ÓnâaÊyânÈ�ÌUÍ�Ó�íJÊ�Ì�Í�Ê�ÓnÍ�í Ç�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�× ÜWÝ�ç8Í�×bc

∆η×∆φ = 0.2× 0.2
d8íJÊ�Ì8Õ��!Í�×�ÏYú7á�Íx' Ñ$ÓnÍ�×¿Ù|ÊyÍ1Ê�ÓâËÍ�Ó�Í�ÎyÍ�èMÌ¿×UÝÞí�È�Ù|ÓnÍ�Ì¿ÊyßUàUÖnÍ�Ó¨�WÈ�Ù°Í�Ó-ÐQ�fØaÔv�-Í�ý°Í�Îøï�Ô§ÝÞ×UâËÍ�×¿Ì Í�×�Í�Ê�ÓnÍ�Ó�Ç�È�ÓnâaÊyânÈ�ÌUÍ�Ó�íJÊ�Ì

pT > 20
á1Í�'¯PâËÍ�×�Ê�ÓCÍ�Ê�ÓnÍ�í Ç ÝÞÓ´Ønß ý°ÝÞÓ

∆
�

= 0.25
×UÍ�è°ÝÞÓnß¿Ì¿×¿ØËÊyÍ�×¿Ì¸ç�ØË×UâËÍ�ØËÓnâ�âËÍ�× Í�Ê�ÓnÍ�Ó Í�ÎyÍ�è´Ì¿×UÝÞí�È�Ù|ÓnÍ�Ì¿ÊyßUà@ÖnÍ�Ó

�fÓûÌUÍ�Ê�Îný°ÝÞÓ�õ|úl ÖPÈD�hÍ�Ó&í¸ØnßUßYÐ°ð�È�×¿Õ��!Í�×�ÖËÊ�ÓPÈ�Ønß$í¸ØnßUß�âËÍ�×�Ç�È�ÓnâaÊyânÈ�Ì8ÎyÝ|ßUÍw�fÓaÔ§ÝÞ×UâËÍ�×¿ØËÓËÙ°Í�ÓN�hÍ ��ÕËÙ|Î�Êyà@ÖâËÍ�×JÌ¿×@È�Ónß¿ý°Í�×Uß@È�ÎyÍ�Ó~ìMà@ÖPÈ�ØnÍ�×óÔ§ÝÞ×¿í Í�×óÔjÕËÎ�ÎyÍ�Ó-Ð$ð¬ÊyÍ�È�ÓnâËÍ�×UÍ�Ó~È�Ønß¿Ù°Í�ç{��ÖËÎ�ÌUÍ�Ó~ÜW×¿Ê�Ù|Ù°Í�×�âaÊyÍ�ÓnÍ�Ó_ânÈD��ØQP$âaÊyÍ
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��ÊyÍ�Ó��	��Ø�Í�×¿Ö?OÞÖnÍ�Ó-Ðnì´ÊyÍQÖPÈD�!Í�Ó�Ö?OÞÖnÍ�×UÍ

pT
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pT >
20
á1Í�'IP[âËÍ�× ÖPÈ�×¿ÌUÍ�ìMàUÖËÓËÊ�Ì¿ÌUÍ�È�ØaÔ�âaÊyÍ�ìMàUÖPÈ�ØnÍ�×óÔ�ÝÞ×¿íêÍ�×óÔ§ÕËÎ�Î�ÌYÐ-ð¬ÊyÍ�ßUÍ�×�ÜW×¿Ê�Ù|Ù°Í�× ß¿ÉË×¿ÊyàUÖ´Ì>È�ØaÔ�Í�Ì¢çEÈëî|ïlâËÍ�× ß@Í�ÎyÍ�è´Ì¿ÊyÍ�×¿ÌUÍ�Óëæ~ò¢Ñ$×UÍ�Ê�Ù|ÓËÊyßUß@Í È�Ó-Ð
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(
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(
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(
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p0        2.865± 21.56 
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p3        1.521± 23.18 

p4        1.843± 1.946 
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 / ndf 2χ  0.4691 / 26

p0        7.211± 17.81 

p1        1.502± 2.261 

p2        0.1027± 0.6667 

p3        3.782± 21.11 

p4         11.7± 0.3382 
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ð1Í�×>Í�×Uß¿ÌUÍ³ìMàUÖË×¿Ê�Ì¿ÌJâËÍ�×¸Ñ�×UÍ�Ê�Ù|ÓËÊyßUßUÍ�ÎyÍ�èMÌ¿ÊyÝÞÓ ÊyßUÌ¸âaÊyÍY� ÓË×UÍ�Êyà@ÖnÍ�×¿ØËÓËÙ�ý°ÝÞÓdÑ$×UÍ�Ê�Ù|ÓËÊyßUß@Í�ÓQPrâaÊyÍ�Í�Ê�Ó�æ~ò÷EÝ|ßUÝÞÓ�Í�ÓûÌ¿ÖPÈ�Î�ÌUÍ�ÓQPrânÈÞß�Ê�ÓCÍ�Ê�Ó�Ñ$ÎyÍ�èMÌ¿×UÝÞÓ�ØËÓnâ�Í�Ê�ÓË�¬Í�ØËÌ¿×¿Ê�ÓnÝW�YÍ�×óÔx��Î�Î�ÌNcjæ → Í
νe

d�Ð-ð�ÈD��Ø�ç8Í�×UâËÍ�Ó Ñ$×óòÍ�Ê�Ù|ÓËÊyßUßUÍ�ß@Í�ÎyÍ�è´Ì¿ÊyÍ�×¿ÌVP�âaÊyÍ3Í�Ê�Ó_Ñ$ÎyÍ�è´Ì¿×UÝÞÓÄc§Ç�È�É-Ð�ÚaÐ�Ûld>ØËÓnâ Ô�Í�ÖËÎyÍ�ÓnâËÍ�Ó~ÜW×@È�Ónß¿ý°Í�×Uß@È�Î�Ê�íJÉËØËÎyßÎc§Ç�È�É-Ð�ÚaÐ öTdÍ�ÓûÌ¿ÖPÈ�Î�ÌUÍ�Ó-Ð
��ÕË×rânÈÞßWÑ�ÎyÍ�è´Ì¿×UÝÞÓ>ç�Ê�×Uâ�Ù°Í�Ô�ÝÞ×UâËÍ�×¿ÌVP�ânÈÞß@ßWÍ�ß�Í�Ê�ÓnÍ�Ó¸Ü-×@È�ÓnßUý°Í�×Uß@È�Î�Ê�íJÉËØËÎyß�ý°ÝÞÓ

p 2 > 20
á1Íx' È�ØaÔ§ç8Í�Êyß¿ÌØËÓnâ�ß¿ÊyàUÖ�È�Ø�y°Í�×UâËÍ�í Ê�í¶�YÍ�ÓûÌ¿×@È�ÎyÍ�Ó�Ç�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×��!Í��nÓnâËÍ�ÌVP!â[Ð Ö-Ð |η| < 1.1

Ð[ð1Í�×fÔ§Í�ÖËÎyÍ�ÓnâËÍ7ÜW×@È�Ónß¿ý°Í�×óòß@È�Î�Ê�íJÉËØËÎyß¬í Ønß@ß
p 2 ,miss

ä Û|Ú�á1Í�';Í�×óÔ§ÕËÎ�ÎyÍ�Ó-Ð4��Óm�	���ËÊ�ÎyâaØËÓËÙëþaÐ�Ï Êyß¿Ì¬âaÊyÍf'�Í�×¿ÌUÍ�Ê�Î�ØËÓËÙ�âËÍ�ß¬Ü-×@È�Ónß¿ý°Í�×UßRÈ�òÎ�Ê�íJÉËØËÎyßUÍ�ßEý°ÝÞÓ�Ñ$ÎyÍ�èMÌ¿×UÝÞÓnÍ�Ó�ÓPÈÞàUÖëâaÊyÍ�ßUÍ�× ìMÍ�ÎyÍ�èMÌ¿ÊyÝÞÓëânÈ�×¿Ù°Í�ß¿ÌUÍ�Î�Î�ÌVP��	���ËÊ�ÎyâaØËÓËÙ�þaÐ�Ûf�YÍ�Ê�Ù|Ì�âËÍ�Ó³Ô�Í�ÖËÎyÍ�ÓnâËÍ�ÓÜ-×@È�ÓnßUý°Í�×Uß@È�Î�Ê�íJÉËØËÎyßYÐ°÷EÍ�ÊyâËÍ{'�Í�×¿ÌUÍ�Ê�Î�ØËÓËÙ°Í�Ó��YÍ�Ê�Ù°Í�ÓJÙ|ØËÌUÍwÌ	�hÍ�×UÍ�Ê�ÓnßUÌ¿Ê�íJí ØËÓËÙ���ç�ÊyßUà@ÖnÍ�Ó�âËÍ�Ó�È�ØaÔhâaÊyÍQÈ�ØaÔjòÙ°Í �YÍ�ÊyàUÖËÓnÍ�ÌUÍ¯�-ØËíJÊ�ÓnÝ|ß¿Ê�Ì���Ì1ÓnÝÞ×¿íJÊyÍ�×¿ÌUÍ�Ó�ß¿Ê�í ØËÎ�ÊyÍ�×¿ÌUÍ�Ó�Ñ$×UÍ�Ê�Ù|ÓËÊyß@ßUÍ�Ó ØËÓnâåâËÍ�Ó�ý°ÝÞí Ñz�MÉ!Í�×¿Ê�í&Í�ÓûÌ�È�ØaÔ§Ù°Í�ò
�YÍ�ÊyàUÖËÓnÍ�ÌUÍ�Ó�ð1È�ÌUÍ�Ó-ÐûðfÊyÍ{�fÓ���È�ÖËÎnâËÍ�×�Ñ$×UÍ�Ê�Ù|ÓËÊyßUßUÍfÈ�Ønß$âËÍ�ÓJØËÓûÌUÍ�×UßUà@ÖËÊyÍ�âaÎ�ÊyàUÖnÍ�Ó�÷EÍ�Ê�Ì¿×���Ù°Í�ÓJÊyß¿Ì$Ê�ÓJÜrÈD�!Í�Î�ÎyÍþaÐ�Û°��Ønß@È�íJí&Í�ÓËÙ°Í�Ô�ÈÞßUß¿ÌYÐNð¬ÊyÍ�ßUÝJßUÍ�ÎyÍ�èMÌ¿ÊyÍ�×¿ÌUÍ�Óåð�È�ÌUÍ�ÓA�!Í�ß¿ÌUÍ�ÖnÍ�ÓåÈ�ÎyßUÝ&ÖPÈ�ØËÉËÌUß��ÞàUÖËÎ�Êyà@Ö�È�ØnßQæ → eνe

Ñ$×óòÍ�Ê�Ù|ÓËÊyßUßUÍ�Ó_c§àYÈaÐ�ÏYõ|Ú|ú|ú|úld�ÐWÑ$Ì�çøÈ�Ûl#âËÍ�×¸Ñ�×UÍ�Ê�Ù|ÓËÊyßUßUÍ&ß¿Ì@È�íJí&Í�ÓdÈ�Ønß¸È�ÓnâËÍ�×UÍ�Ó�æ ò�#hÍ�×óÔx��Î�ÎyÍ�ÓQP-ç{��ÖË×UÍ�ÓnââaÊyÍr�°Í�Ìóò�!$×UÝMâaØËè´Ì¿ÊyÝÞÓëÍ�Ì�çøÈ�Ï� È�Ønß¿í�ÈÞà@ÖûÌYÐnð¬ÊyÍ1÷EÍ�Ê�Ì¿×���Ù°Í�È�Ønß�âËÍ�×{!�×UÝ´âaØËèMÌ¿ÊyÝÞÓ�ý°ÝÞÓ�ÜWÝÞÉaò�éfØPÈ�×¿èaß�ØËÓnâÈ�ÓnâËÍ�×UÍ�Ó�!$×UÝ"�YÍ�ß@ßUÍ�Ó3ß¿Ê�Ónâ�ý°Í�×¿ÓPÈÞà@ÖËÎ>�ÞßUß¿Ê�Ùp�PÈ�×fè´ÎyÍ�Ê�Ó-Ð
� Ønß�âËÍ�í Ñ$ÎyÍ�è´Ì¿×UÝÞÓ3ØËÓnâ�âËÍ�í Ô§Í�ÖËÎyÍ�ÓnâËÍ�Ó3ÜW×@È�Ónß¿ý°Í�×Uß@È�Î�Ê�íJÉËØËÎyßfèlOÞÓËÓnÍ�Ó3Í�Ê�ÓËÊ�Ù°Í�Ñ$Ê�Ù°Í�ÓnßUà@ÖPÈ�ÔjÌUÍ�Ó�âËÍ�×æ~ò¢Ç�È�ÓnâaÊyânÈ�ÌUÍ�Ó¯�hÍ�×UÍ�à@ÖËÓnÍ�Ì$ç8Í�×UâËÍ�Ó-Ð°ð�È Ê�Ó7ñ1ÈÞâa×UÝÞÓËè°ÝÞÎ�Î�Êyß¿ÊyÝÞÓnÍ�Ó�âaÊyÍ8ÎyÝÞÓËÙ|Ê�Ì¿ØnâaÊ�ÓPÈ�ÎyÍ���íJÉËØËÎyß¿è°ÝÞíJÉ!ÝÞÓnÍ�ÓaòÌUÍ âËÍ�×v!�È�×¿ÌUÝÞÓnÍ�Ó³Ê�í � ÓaÔ�È�ÓËÙ°ßB��Ønß¿Ì@È�Ónâ�ÓËÊyàUÖûÌv�!Í�ß¿Ì¿Ê�íJí ÌøÊyß¿ÌVP°èlOÞÓËÓnÍ�Ó�ÓûØË×�á¬×&O"y°Í�ÓY�hÍ�×UÍ�à@ÖËÓnÍ�Ì8çøÍ�×UâËÍ�ÓQPâaÊyÍfÈ�ØaÔ[Ì¿×@È�Ónß¿ý°Í�×UßRÈ�ÎyÍ�ÓY��íJÉËØËÎyßóòrØËÓnâ�Ñ$ÓnÍ�×¿Ù|ÊyÍ�è°ÝÞíJÉ!ÝÞÓnÍ�ÓûÌUÍ�ÓW�PÈÞß¿ÊyÍ�×UÍ�Ó-Ð9��ÕË×�æ ò¢Ç�È�ÓnâaÊyânÈ�ÌUÍ�Ó�ß¿Ê�Ónâ�âaÊyÍ�ßÊ�ÓnßB�!Í�ßUÝÞÓnâËÍ�×UÍ�âËÍ�×QÜW×@È�Ónß¿ý°Í�×Uß@È�Î�Ê�íJÉËØËÎyß

~pW2 = ~p 26ë ìÈíïî¡î + ~pele2
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	 ththZÇÒ´kW]-T-ujI}Ô�EQÔQÜ-×@È�Ónß¿ý°Í�×UßRÈ�Î�Ê�íJÉËØËÎyßJâËÍ�ß æ~ò¢÷EÝ|ßUÝÞÓnß ý°ÝÞ×>ØËÓnâ�ÓPÈÞà@Ö*ìMà@ÖËÓËÊ�Ì¿Ì&È�ØaÔâaÊyÍ1Ì¿×@È�Ónß¿ý°Í�×Uß@È�ÎyÍ�æ~ò¢ô ÈÞßUßUÍ|Ð
ØËÓnâëâaÊyÍ�Ì¿×@È�Ónß¿ý°Í�×UßRÈ�ÎyÍ�ô�ÈÞß@ßUÍ

í 2 =

√

( Ñ 2�ë ìÈíïî>î +
Ñ ele2 )2 − ~pW22ð1Í�×>ÜW×@È�Ónß¿ý°Í�×Uß@È�Î�Ê�íJÉËØËÎyß7Êyß¿Ì¸Ê�Ó±�	���ËÊ�ÎyâaØËÓËÙ�þaÐ ö±cjÎ�Ê�ÓËèaßéd�ânÈ�×¿Ù°Í�ßUÌUÍ�Î�Î�ÌYÐ�Ñ�ß Êyß¿Ì>âËÍ�ØËÌ¿Î�ÊyàUÖ¨��ØdßUÍ�ÖnÍ�ÓQPânÈÞßUßv�!Í�ÊhÍ�Ê�ÓnÍ�í Ü-×@È�ÓnßUý°Í�×Uß@È�Î�Ê�íJÉËØËÎyßQý°ÝÞÓ�Í�Ì¢çEÈJþ|ú>á�Íx' Í�Ê�ÓnÍ1ñr��ØaÔjØËÓËÙ7ý°ÝÞÓ�Ñ$×UÍ�Ê�Ù|ÓËÊyßUß@Í�Ó�È�ØaÔ§Ì¿×¿Ê�Ì¿ÌVPaâaÊyÍÖPÈ�ØËÉËÌUß��Þà@ÖËÎ�ÊyàUÖ�È�ÎyßzªfÓûÌUÍ�×¿Ù|×¿ØËÓnâ�È�Ønß�âËÍ�×�éE�øðfò��°Í�Ìóò�!$×UÝMâaØËè´Ì¿ÊyÝÞÓ&ÊyâËÍ�Ó´Ì¿Ê�?��ÊyÍ�×¿Ì�ç8Í�×UâËÍ�Ó-ÐûðfÊyÍøßUÍ�Î��!Í�ÓJÑ$×óòÍ�Ê�Ù|ÓËÊyßUßUÍ1ß¿Ê�Ónâ�È�Ønà@ÖëÊ�íùì´ÉhÍ�èMÌ¿×¿ØËíüâËÍ�×�Ì¿×@È�Ónß¿ý°Í�×Uß@È�ÎyÍ�Óëô ÈÞßUßUÍ¯c��	���-ÐaþaÐ�ïldEÈ�Ø»FQ��Î�Î�Ê�ÙnÐËð1ÝÞ×¿ÌQß¿Ê�Ónâ³ß¿ÊyÍ¬Ê�í÷EÍ�×UÍ�ÊyàUÖJÓËÊyÍ�âa×¿Ê�Ù°Í�×�ô ÈÞßUßUÍ�Ó7è°ÝÞÓ��YÍ�Ó´Ì¿×¿ÊyÍ�×¿ÌYÐûÑ�ß�è|È�ÓËÓ7Ù°Í �YÍ�Ê�Ù|Ì�ç8Í�×UâËÍ�ÓQP°ânÈÞß@ß�âaÊyÍ�ß@ÍEÕ��hÍ�×¿ç�ÊyÍ�Ù°Í�Ónâ�È�ÎyßaªfÓaòÌUÍ�×¿Ù|×¿ØËÓnâJÊyâËÍ�Ó´Ì¿Ê�?��ÊyÍ�×¿ÌUÍ�Ó�Ñ$×UÍ�Ê�Ù|ÓËÊyßUß@ÍøÔ�È�ÎyßUà@ÖJ×UÍ�è°ÝÞÓnß¿Ì¿×¿ØËÊyÍ�×¿ÌUÍ	�	��
¿Í�è´ÌUÍ�Í�Ó´Ì¿ÖPÈ�Î�ÌUÍ�Ó-ÐûÑ�ß�ÖPÈ�ÓnâËÍ�Î�Ì8ß¿ÊyàUÖ7Ô�ÈÞß¿ÌÈ�ØnßUßUà@ÖËÎ�ÊyÍ y|Î�ÊyàUÖëØËíüÑ�×UÍ�Ê�Ù|ÓËÊyßUßUÍ�íJÊ�Ìw��çøÍ�ÊQ�°Í�ÌUßVPaý°ÝÞÓëâËÍ�ÓnÍ�Ó3Í�Ê�ÓnÍ�× È�ØaÔ§Ù|×¿ØËÓnâ�ØËÓËÙ|ÕËÓnß¿Ì¿Ê�Ù°Í�×e��Î�ØËèMÌ¿ØPÈ�Ì¿ÊyÝ�òÓnÍ�Ó�Ô���Îyß@àUÖËÎ�ÊyàUÖ3È�ÎyßEÑ$ÎyÍ�èMÌ¿×UÝÞÓ�×UÍ�è°ÝÞÓnß¿Ì¿×¿ØËÊyÍ�×¿Ì�ç�ØË×UâËÍ|ÐËð�È>âËÍ�×�Ç ÝÞÓûØnß���ØË×EÑ�ÎyÍ�è´Ì¿×UÝÞÓnÍ�Óaò��fÍ�è°ÝÞÓnß¿Ì¿×¿ØËè´Ì¿ÊyÝÞÓÍ�×¿ÖnÍ �ËÎ�ÊyàUÖ�èMÎyÍ�Ê�ÓnÍ�×EÊyß¿Ì�È�Îyß�âËÍ�×�Ô§ÕË×w�°Í�ÌUßVPMç�Ê�×Uâ³âËÍ�í Ô�È�ÎyßUà@Ö�×UÍ�è°ÝÞÓnß¿Ì¿×¿ØËÊyÍ�×¿ÌUÍ�ÓåÑ$ÎyÍ�è´Ì¿×UÝÞÓ��	��
¿Í�è´ÌEçøÍ�ÓËÊ�Ù°Í�×Ñ$ÓnÍ�×¿Ù|ÊyÍb��ØËÙ°Í�ÝÞ×UâaÓnÍ�ÌVPhÈ�ÎyßfâËÍ�í¶�ûÍ�Ìe��ØËÙ°Í�Ö?OÞ×¿Ê�Ù�Êyß¿ÌYÐnð�È�íJÊ�Ì ç�Ê�×Uâ�âËÍ�×QÔ�Í�ÖËÎyÍ�ÓnâËÍ ÜW×@È�Ónß¿ý°Í�×Uß@È�Î�Ê�íJÉËØËÎyß¬Ê�ÓâaÊyÍ°�QÊyà@ÖûÌ¿ØËÓËÙ3âËÍ�ßfÔ�È�ÎyßUàUÖnÍ�Ó�Ñ$ÎyÍ�èMÌ¿×UÝÞÓnß�ý°Í�×B�YÍ�×¿×¿ÌYÐ[÷EÍ�×UÍ�àUÖËÓnÍ�Ì í�È�Ó�Ó´ØËÓCÈ�Ønß�âËÍ�í#Ô�È�Îyß@àUÖnÍ�Ó�Ñ$ÎyÍ�èMÌ¿×UÝÞÓØËÓnâ âËÍ�í ý°Í�×B�YÍ�×¿×¿ÌUÍ�Ó Ô�Í�ÖËÎyÍ�ÓnâËÍ�Ó¸ÜW×@È�Ónß¿ý°Í�×Uß@È�Î�Ê�íJÉËØËÎyß$âaÊyÍ�Ì¿×@È�Ónß¿ý°Í�×Uß@È�ÎyÍ�ô ÈÞßUßUÍpP�Í�×¿Ö0��Î�Ìrí�È�Ó¸ÌUÍ�ÓnâËÍ�Ó���ÊyÍ�Î�ÎÍ�Ê�ÓnÍ�Ó³è´ÎyÍ�Ê�ÓnÍ�Ó³æ�Í�×¿ÌVPËânÈ>âaÊyÍ$�hÍ�ÊyâËÍ�ÓX��ØËÙ|×¿ØËÓnâËÍ1Î�ÊyÍ�Ù°Í�ÓnâËÍ�ÓA'�Í�èMÌUÝÞ×UÍ�Ó�ânÈD��Ø�ÓnÍ�Ê�Ù°Í�ÓQPMÉPÈ�×@È�Î�ÎyÍ�Î}��ØnÍ�Ê�ÓPÈ�ÓaòâËÍ�×{��Ø�ßUÌUÍ�ÖnÍ�Ó-Ð9��ÕË×�âËÍ�Ó�Ü-×@È�Ónß¿ý°Í�×UßRÈ�Î�Ê�íJÉËØËÎyßQÍ�×¿Ö0��Î�Ì�í�È�ÓëÈ�ØnßøâËÍ�í ßUÍ�Î��!Í�Ó3á¬×¿ØËÓnâ³Í�Ê�ÓnÍ�Ó³ÌUÍ�ÓnâËÍ�Ó���ÊyÍ�Î�ÎÖnÝÞÖnÍ�Óëæ�Í�×¿ÌYÐ

ª í âaÊyÍ�ßUÍ7Ñ$×UÍ�Ê�Ù|ÓËÊyß@ßUÍ&È�Ønß�âËÍ�×�ð1È�ÌUÍ�Ónß@Í�ÎyÍ�è´Ì¿ÊyÝÞÓR��Ø�Í�ÓûÌóÔ�Í�×¿ÓnÍ�ÓQP[ç�Ê�×Uâ Í�Ê�Ó�ìMàUÖËÓËÊ�Ì¿Ì È�ØaÔEâaÊyÍ>Ì¿×@È�Ónßóòý°Í�×Uß@È�ÎyÍ�ô ÈÞßUßUÍ1Í�Ê�ÓËÙ°Í�Ô§ÕËÖË×¿ÌVg í W2 > 30
á1Íx'

ð¬ÊyÍf'�Í�×¿ÌUÍ�Ê�Î�ØËÓËÙëâËÍ�ß�ÜW×@È�Ónß¿ý°Í�×Uß@È�Î�Ê�íJÉËØËÎyßUÍ�ß âËÍ�×¬æ~ò¢Ç�È�ÓnâaÊyânÈ�ÌUÍ�Ó�ÓPÈÞàUÖ�âaÊyÍ�ßUÍ�íÒìMà@ÖËÓËÊ�Ì¿Ì�Êyß¿Ì1Ê�Ó\�	���ËÊ�Î�òâaØËÓËÙëþaÐ öËcj×UÍ�àUÖûÌUß�d¬ânÈ�×¿Ù°Í�ß¿ÌUÍ�Î�Î�ÌYÐ[Ñ�ß1Êyß¿Ì1âËÍ�ØËÌ¿Î�ÊyàUÖR��Ø�Í�×¿è°Í�ÓËÓnÍ�ÓQP[ânÈÞßUß1âËÍ�×E� Ó´ÌUÍ�Ê�Î�Ô§Í�ÖËÎ�×UÍ�è°ÝÞÓnß¿Ì¿×¿ØËÊyÍ�×¿ÌUÍ�×Ñ$×UÍ�Ê�Ù|ÓËÊyßUß@Í�âaØË×UàUÖ3âËÍ�Ó ìMàUÖËÓËÊ�Ì¿ÌfßUÌ@È�×¿è�×UÍ�âaØ���ÊyÍ�×¿Ìfç�ØË×UâËÍ|Ð
æQ¸,s}¸rö}ºlá�ïÄÀ�¼Çá�»¡�z¼�»¡æ<»Çá�Ä�áVº9¿

�¢í#Ó0�Þà@Önß¿ÌUÍ�Ó�ìMàUÖË×¿Ê�Ì¿Ì�âËÍ�×�Ñ$×UÍ�Ê�Ù|ÓËÊyßUß@Í�ÎyÍ�è´Ì¿ÊyÝÞÓ�çøÍ�×UâËÍ�Ó|�°Í�ÌUßr�!Í�Ì¿×@ÈÞàUÖûÌUÍ�ÌVPWâaÊyÍb��ØnßRÈ�íJí&Í�Ó�âËÍ�Ó�æ~ò÷EÝ|ßUÝÞÓ3Ç�È�ÓnâaÊyânÈ�ÌUÍ�Ó�Ê�ÓåâËÍ�Ó3Ñ�×UÍ�Ê�Ù|ÓËÊyßUßUÍ�Ó�È�ØaÔjÌ¿×UÍ�ÌUÍ�Ó-Ð4�e���ËÊ�ÎyâaØËÓËÙ�þaÐ�Ú°�YÍ�Ê�Ù|ÌfâaÊyÍb� Ó���È�ÖËÎ�âËÍ�×e�°Í�ÌUßVPNâaÊyÍâËÍ�ÓåéfØPÈ�Î�Ê�Ì���ÌUß¿èM×¿Ê�ÌUÍ�×¿ÊyÍ�Ó3âËÍ�ßQÇ�È�ÎyÝÞ×¿Ê�í&Í�ÌUÍ�×Uß Ù°Í�ÓûÕËÙ°Í�Ó±cjÎ�Ê�ÓËèaßéd�ØËÓnâëßUÝÞÎyà@ÖnÍ�×VPËâaÊyÍ�ânÈ�×¿Õ��hÍ�× ÖËÊ�ÓPÈ�Ønß�ÓnÝ´à@ÖÌ@È�Ùp�PÈ�×�ß¿Ê�Ónâ[Ð9�¢Ó³âËÍ�×�á1×@È;�nè&Êyß¿Ì�È�ØnàUÖ�âËÍ�ØËÌ¿Î�ÊyàUÖW��Ø³Í�×¿è°Í�ÓËÓnÍ�ÓQPaânÈÞßUßEâaÊyÍ1ì´Ê�í¸ØËÎ\È�Ì¿ÊyÝÞÓ3âaÊyÍ Ì@È�ÌUßé�ÞàUÖËÎ�ÊyàUÖnÍ�Ó



¢ £ ( £ ã&6T2mèw¦41é20* �<1"*>:�*�2��<2069+ ¢B(
ìMà@ÖËÓËÊ�Ì¿Ì æ → eν

æ → τν
P

# → ll

Ì¿Ìóò�!�È|È�×UÍ ß¿Ê�ÓËÙ|ÎyÍ�ÌUÝÞÉ ð¬Ê�ò¢÷EÝ|ßUÝÞÓ
æBìMÍ�ÎyÍ�èMÌ¿ÊyÝÞÓ ÏYõ�ö´ãÞÚ|î ï|Ú|þ�ö ÏYÚ|ú Û|î ÏYú°ãæb\1Û¯�°Í�ÌUß Û|Ú|îaÏ öûî î°ãMÐ�Ú Ï�önÐ�Û|õ ö|önÐ�Ïæb\1Û°�aò��°Í�ÌUß ãMÐ�ÏYÚ  PúaÐ�Ï ÏYþaÐ�î°ã Ï|Ð ã�ö úaÐ�Û�ö

  Û¯�°Í�ÌUß þaÐ�Û|õ önÐ�Ú|ú úaÐ�õ|þ úaÐ�Ûñ¬Ü cjæ
bb

d önÐ�þ|î úaÐ�þ|ú úaÐ öûõ úaÐ�ÏYÚñ¬Ü cjæÿñrd ïaÐ�î|þ ÛaÐ�ï|õ úaÐ�î|ú úaÐ�ÏYÚí�!"!écjí - = 115
á1Íx'�d úaÐ�õ|þ úaÐ�þ|õ úaÐ�Û|ï úaÐ�ú|Úí�!"!écjí - = 125
á1Íx'�d Ï|Ð�ú|õ úaÐ�î�ö úaÐ�Û|î úaÐ�ú|þí�!"!écjí - = 135
á1Íx'�d úaÐ�î|ï úaÐ�îaÏ úaÐ�Û|þ úaÐ�ú|Û

ìMàUÖËÓËÊ�Ì¿Ì �°Í�Ìe!�×UÝ´â[Ð ñ Ê�Ù|Ù°ßfc
m - = 115

d ì´ØËíJí&Í ð�È�ÌUÍ�Ó
æ ìMÍ�ÎyÍ�è´Ì¿ÊyÝÞÓ ÏYï|þ|õ Ï|Ð�úaÏ ÏYõ|õ|õ°ãÞþ Û|ú|ú|ïaÏ�öæJ\1Û°�ûÍ�ÌUß ïaÏYï úaÐ�ÚaÏ ï|ú�öûú Û|õ|Û|ïæJ\1ÛI�aò��ûÍ�ÌUß ïaÐ�Û|î úaÐ�Ï|Ï Û|õaÐ�þ|ï ï|ú

  Û°�°Í�ÌUß Ï|Ð ãÞú úaÐ�ú|õ Ï|Ï|Ð�Û|ú Ï�öñ¬Ü cjæ
bb

d Ï|Ð önÏ úaÐ�ú�ö ãMÐ�ï|ï þñ¬Ü cjælñEd Ï|Ð�ú°ã úaÐ�ú°ã îaÐ�ï�ö õí�!#!�cjí - = 115
á1Í�'Ed úaÐ�Ï�ö úaÐ�ú|Ú ÛaÐ�ú°ã ïí�!#!�cjí - = 125
á1Í�'Ed úaÐ�ÏYþ úaÐ�ú|þAc

m - = 125)
ÛaÐ öûï ïí�!#!�cjí - = 135

á1Í�'Ed úaÐ�ÏYþ úaÐ�ú|ÚAc
m - = 135)

ÛaÐ�ú|î Û
Ñ8qrtNm0Ò<Òûm I}Ô,Ó.Ô��fÓ���È�ÖËÎEâËÍ�×>Ñ$×UÍ�Ê�Ù|ÓËÊyß@ßUÍ�È�Ønß¸ØËÓûÌUÍ�×Uß@àUÖËÊyÍ�âaÎ�ÊyàUÖnÍ�Ól÷EÍ�Ê�Ì¿×���Ù°Í�ÓCÔ§ÕË×>âaÊyÍý°Í�×UßUà@ÖËÊyÍ�âËÍ�ÓnÍ�Ó ìMàUÖËÓËÊ�Ì¿ÌUÍ|Ð

�°Í�Ìóò¢ôåØËÎ�Ì¿Ê�ÉËÎ�Ê���Ê�Ì���ÌUÍ�ÓdÓûØË×¸ØËÓ���ØË×UÍ�ÊyàUÖnÍ�Ónâ ç�ÊyÍ�âËÍ�×¿Ù|Ê��ËÌVPrânÈëÖËÊyÍ�× âËÍ�×Yc§âËÝÞíJÊ�ÓPÈ�Ó´ÌUÍ�db!$×UÝ"�YÍ�ßUß¸æ → eνeíJÊ�Ìe!È
1Ü�ñ$��� ß¿Ê�í ØËÎ�ÊyÍ�×¿Ìfç�ØË×UâËÍpPËç8Ý�âaÊyÍ�ßUÍ�ß�!$×UÝ"�ËÎyÍ�í«�hÍ�è|È�ÓËÓûÌfÊyß¿Ìfc§ßYÐËÇ�È�É-ÐËönÐ�ÛaÐ�Ï�d�Ðð�ÈCâaÊyÍ�Ê�ÓÿâaÊyÍ�ßUÍ�×X� ÓPÈ�Î�SaßUÍåØËÓûÌUÍ�×Uß¿Ønà@ÖûÌUÍ�ÓÜ!$×UÝ"�YÍ�ß@ßUÍ�È�Î�ÎyÍ3íJÊ�ÓnâËÍ�ß¿ÌUÍ�ÓnßX��çøÍ�ÊE�°Í�ÌUß³ÖPÈD�hÍ�ÓQP8ç�Ê�×UââaÊyÍJìMÍ�ÎyÍ�è´Ì¿ÊyÝÞÓ Ê�í Ô�ÝÞÎ�Ù°Í�ÓnâËÍ�Ó�È�ØaÔøÑ$×UÍ�Ê�Ù|ÓËÊyßUßUÍ>íJÊ�Ìr��ç8Í�Ê$ÝMâËÍ�×fí&Í�ÖË×E�°Í�ÌUß1Í�Ê�ÓËÙ°Í�ßUà@ÖË×���ÓËè´ÌYÐWì´Ì@È�Ì¿Ì�Í�Ê�ÓnÍ�×ý°ÝÞÎ�Îyß¿Ì���ÓnâaÊ�Ù°Í�Óëì´Ê�í ØËÎ\È�Ì¿ÊyÝÞÓ�È�Î�ÎyÍ�×�æ~ò¢Ñ$×UÍ�Ê�Ù|ÓËÊyßUß@Í è|È�ÓËÓ&ÓûØËÓ³Í�Ê�Ó�ð�È�ÌUÍ�Ónß@È�ÌB�fý°ÝÞÓ�æb\1Û�ò��°Í�ÌøÑ�×UÍ�Ê�Ù|ÓËÊyßUßUÍ�Óý°Í�×¿çøÍ�ÓnâËÍ�Ì�ç8Í�×UâËÍ�Ó-Ð�ð¬ÊyÍ�ßUÍ�×X!$×UÝ"�YÍ�ßUß�èÞÈ�ÓËÓlíJÊ�ÌX�	�Q!øá1ÑF�äÙ°Í�ÓnÍ�×¿ÊyÍ�×¿Ì³çøÍ�×UâËÍ�Ó-Ðw�¢Ó_�e���ËÊ�ÎyâaØËÓËÙ_þaÐ�þçøÍ�×UâËÍ�Ó âaÊyÍ�ð1È�ÌUÍ�Ó�íJÊ�Ì>âËÍ�×I�	�q!8á1ÑF�ùì´Ê�í¸ØËÎ\È�Ì¿ÊyÝÞÓ ý°Í�×¿Ù|Î�Êyà@ÖnÍ�Ó-Ð�ðfÊyÍ&ÔjÕË×¸âaÊyÍ�ßUÍC�fÓPÈ�Î�SMß@ÍJç�ÊyàUÖ´Ì¿Ê�Ù°Í�ÓÑ$×UÍ�Ê�Ù|ÓËÊyß@ßUÍ�íJÊ�Ì���çøÍ�ÊQ�ËÊyß�ýMÊyÍ�×e�°Í�ÌUß�çøÍ�×UâËÍ�Ó3ÖËÊ�ÓË×UÍ�ÊyàUÖnÍ�ÓnâåÙ|ØËÌ�ý°ÝÞÓ3âËÍ�×¬ì´Ê�í¸ØËÎ\È�Ì¿ÊyÝÞÓ��!Í�ßUàUÖË×¿ÊyÍ �!Í�Ó-Ð
ªfí ß¿Êyà@ÖnÍ�×B��Ønß¿ÌUÍ�Î�ÎyÍ�ÓQP|ânÈÞßUß�âaÊyÍEì´Ê�í¸ØËÎ\È�Ì¿ÊyÝÞÓ�È�ØnàUÖJâaÊyÍøÑ$Ê�Ù°Í�ÓnßUàUÖPÈ�Ô§ÌUÍ�Ó&âËÍ�×z�°Í�ÌUß�è°ÝÞ×¿×UÍ�è´Ì�ç�ÊyÍ�âËÍ�×¿Ù|Ê��ËÌVPçøÍ�×UâËÍ�ÓlÜW×@È�Ónß¿ý°Í�×Uß@È�Î�Ê�íJÉËØËÎyß�ØËÓnâ[!�ß@Í�ØnâËÝÞ×@È�ÉËÊyâaÊ�Ì���Ì³Í �!Í�ÓaÔ�È�Î�Îyß�íJÊ�Ì�âËÍ�Ólð�È�ÌUÍ�Ó ý°Í�×¿Ù|Î�ÊyàUÖnÍ�Ó-Ð{��Ó âËÍ�Ó

�	���ËÊ�ÎyâaØËÓËÙ°Í�Ó þaÐ ã òJþaÐ�ÏYú�ßUÊ�Ónâ âaÊyÍ�Í�ÓûÌUß¿ÉË×UÍ�à@ÖnÍ�ÓnâËÍ�Ó ì´ÉhÍ�èMÌ¿×UÍ�ÓÿânÈ�×¿Ù°Í�ß¿ÌUÍ�Î�Î�ÌYÐ{�¢ÓlâËÍ�Ó á¬×@È;�nè°Í�ÓlíJÊ�ÌÈ�Î�ÎyÍ�ÓÎ�°Í�ÌUß1Êyß¿ÌfÙ|ØËÌ$��Ø ßUÍ�ÖnÍ�ÓQPhânÈÞßUß¬Ê�í ÷EÍ�×UÍ�Êyà@Ö�ý°ÝÞÓ
0.8 < |η| < 1.4

ò�È�ÎyßUÝ�âËÍ�í ÷EÍ�×UÍ�ÊyàUÖ�âËÍ�ßr�i�øð Øò�Í�Ê�ÓnÍ³Í�×¿ÖnÍ �ËÎ�ÊyàUÖnÍ�#!È�ÖËÎøý°ÝÞÓ�Ô�È�ÎyßUà@ÖnÍ�Ó¨�ûÍ�ÌUßb��ØU�nÓnâËÍ�ÓdÊyß¿ÌYÐ�ðfÊyÍ�ß@Í�ç�Ê�×¿èMÌJß¿ÊyàUÖ Ê�Ó âËÍ�Ó ì´É!Í�è´Ì¿×UÍ�ÓdâËÍ�×ÜW×@È�Ónß¿ý°Í�×Uß@È�Î�Ê�íJÉËØËÎyßUÍ>È�Îyß�Ìe�!Í�×¿Ö?OÞÖûØËÓËÙC�hÍ�Ê[èMÎyÍ�Ê�ÓnÍ�Óëæ�Í�×¿ÌUÍ�ÓåÈ�ØnßYÐ���Ó�âËÍ�Ó�ì´É!Í�è´Ì¿×UÍ�ÓQPËâaÊyÍ�Ó´ØË×QÌ@È�Ùp�PÈ�×UÍ
�°Í�ÌUß{�YÍ�Ê�Ù°Í�ÓQPËßUÊ�Ónâ�âaÊyÍ�ß@Í Ô�È�ÎyßUà@ÖnÍ�ÓX�ûÍ�ÌUßEÓËÊyàUÖûÌ í&Í�ÖË×�ý°ÝÞ×¿ÖPÈ�ÓnâËÍ�Ó�ØËÓnâ�âaÊyÍE�PÝÞ×¿í âËÍ�×fì´É!Í�èMÌ¿×UÍ�Ó³ßUÌ¿Ê�íJí Ì
�!Í�ßUßUÍ�×�Õ��!Í�×UÍ�Ê�Ó-Ð

Ø ���K�x���~ÿ4���u.���� � � Q ���x�����3.é�
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p14 Daten
νe→W

-τ+τ/-e+e→Z
ντ→W

νeνebb→tt
νjjebb→tt

*10bbνe→WH
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νe→W

-τ+τ/-e+e→Z
ντ→W
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*10bbνe→WH
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	 ththZÇÒ´kW]-T-u�I}Ô G.Ô��ûÍ�Ì�ô3ØËÎ�Ì¿Ê�ÉËÎ�Ê���Ê�Ì���ÌøâËÍ�×z^UÙ|ØËÌUÍ�Ó�`ø×UÍ�è°ÝÞÓnß¿Ì¿×¿ØËÊyÍ�×¿ÌUÍ�ÓY�°Í�ÌUßecjÎ�Ê�ÓËèaßédrØËÓnâ
��Ønß���ÌB��Î�ÊyàUÖ3Ì@È�Ùp�PÈ�×UÍf�°Í�ÌUßfcj×UÍ�à@ÖûÌUßéd�Ð
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je
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dndN
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-1

1

10

10
2

10
3

p14 Daten
jjνe→wjj

bbνe→bWb
νeνebb→tt

νjjebb→tt
*10bbνe→WH

QCD

	 ththZÇÒ´kW]-T-unI}Ô�I}Ô��°Í�Ì�ô3ØËÎ�Ì¿Ê�ÉËÎ�Ê���Ê�Ì���ÌøÔ§ÕË×8Ñ$×UÍ�Ê�Ù|ÓËÊyß@ßUÍ íJÊ�Ìv��ç8Í�Ê[ÝMâËÍ�×�í&Í�ÖË×øÌ@È�Ùp�PÈ�×UÍ�Ó
�°Í�ÌUßYÐËð1Í�×e!$×UÝ"�YÍ�ß@ß�æ → eν

ç�ØË×UâËÍ�íJÊ�Ìe�$�Q!8á�ÑF�B\$!È
1Ü�ñ$��� ß¿Ê�í¸ØËÎ�ÊyÍ�×¿ÌYÐ
� Ó~âaÊyÍ�ßUÍ�í !$ØËÓËèMÌ�âËÍ�×�ð�È�ÌUÍ�ÓnßUÍ�ÎyÍ�èMÌ¿ÊyÝÞÓ çøÍ�×UâËÍ�ÓlÛ|õ|Û|ï�Ñ$×UÍ�Ê�Ù|ÓËÊyß@ßUÍ3ßUÍ�ÎyÍ�èMÌ¿ÊyÍ�×¿ÌVP�âaÊyÍ�íJÊ�ÓnâËÍ�ßUÌUÍ�Ónß
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óÍ�âËÍ�ßøÑ$×UÍ�Ê�Ù|ÓËÊyßVPMânÈÞßUßøÍ�ß�íJÊ�ÓnâËÍ�ß¿ÌUÍ�Ónßv��çøÍ�Ê7�ûÍ�ÌUß8Í�Ó´Ì¿Ö0��Î�ÌVPMâaÊyÍfÎyÝ|ßUÍ�ÓX�l�Q��!�òÇ1×¿Ê�ÌUÍ�×¿ÊyÍ�Ó Í�ÓûÌUßUÉË×UÍ�àUÖnÍ�Ó c��l�q��!wç úaÐ�úaÏ�öTd�P{�ËÎyÍ�Ê��!Í�Ó ï|ú�Ñ�×UÍ�Ê�Ù|ÓËÊyßUßUÍåÕ��Ë×¿Ê�ÙnÐv�fØnßX�°Í�Ìóò�ªfÓûÌUÍ�×¿Ù|×¿ØËÓnâÿØËÓnâì´Ê�í¸ØËÎ\È�Ì¿ÊyÝÞÓ�çøÍ�×UâËÍ�Ó Í �!Í�ÓaÔ�È�Î�Îyß Ô�ÈÞß¿Ì ï|úëÑ$×UÍ�Ê�Ù|ÓËÊyß@ßUÍ�Í�×¿çEÈ�×¿ÌUÍ�ÌYÐrð¬ÊyÍC�ûÍ�Ìóò�!$×UÝ´âaØËèMÌ¿ÊyÝÞÓdßUàUÖËÎ>��Ù|Ì>íJÊ�Ì¸ïaÐ�ïÑ$Ê�Ó´Ì¿×���Ù°Í�ÓR��Ø�÷8Ønà@ÖnÍ|Ð!ð¬Í�×�÷EÍ�Ê�Ì¿×@È�Ù³ý°ÝÞÓåæ~ò�!$×UÝMâaØËè´Ì¿ÊyÝÞÓÎ�!Í�ß¿ÌUÍ�ÖûÌ�È�Ønß¬ÓûØË× ã�Ñ$×UÍ�Ê�Ù|ÓËÊyßUß@Í�ÓQPNç{��ÖË×UÍ�ÓnââaÊyÍ�ÜrÝÞÉaò�!$×UÝ´âaØËèMÌ¿ÊyÝÞÓ�Ê�í ô3Ê�Ì¿ÌUÍ�ÎWÏYîaÐ�þ�ØËÓnâJâaÊyÍQð¬Ê�ò¢÷øÝ|ß@ÝÞÓaò�!$×UÝ´âaØËèMÌ¿ÊyÝÞÓ�úaÐ�Û�ö�Ñ�×UÍ�Ê�Ù|ÓËÊyßUßUÍw�!Í�Ê�Ì¿×���Ù|ÌYÐp'�ÝÞÓÍ�Ê�ÓnÍ�í ì´Ì@È�ÓnânÈ�×Uâaí&ÝMâËÍ�Î�ÎQñ Ê�Ù|Ù°ß¿ò¢÷øÝ|ß@ÝÞÓdÍ�×¿çEÈ�×¿ÌUÍ�Ì&í�È�Ó_úaÐ�Ï|Ï�Ñ$Ê�ÓûÌ¿×���Ù°Í|ÐøìMÝYç8ÝÞÖËÎw��ØË×¯��ßUÝÞÎ\È�Ì¿ÊyÝÞÓ_Í�Ê�ÓnÍ�ßæ
bb
ò�P�È�Îyß�È�ØnàUÖlÍ�Ê�ÓnÍ�ß&æÿñQò�ì´Ê�Ù|ÓPÈ�Îyß�í ÕnßUß@Í�Ó~È�ÎyßUÝ�ÓnÝMàUÖ ç8Í�Ê�ÌUÍ�×UÍ�ìMàUÖËÓËÊ�Ì¿ÌUÍ È�Ó âaÊyÍ3ð�È�ÌUÍ�ÓnßUÍ�ÎyÍ�èMÌ¿ÊyÝÞÓÈ�ÓËÙ°Í �Ë×@ÈÞà@ÖûÌ¬ç8Í�×UâËÍ�Ó-Ðð¬ÊyÍf�fÓ���È�ÖËÎ�âËÍ�×$�°Í�ÌUßfÊ�ÓåâËÍ�Óåß@Í�ÎyÍ�è´Ì¿ÊyÍ�×¿ÌUÍ�Ó Ñ$×UÍ�Ê�Ù|ÓËÊyßUßUÍ�Ó�Êyß¿ÌQÊ�Ó\�e���ËÊ�ÎyâaØËÓËÙ�þaÐ�Ï�ö�ânÈ�×¿Ù°Í�ßUÌUÍ�Î�Î�ÌYÐhð¬ÊyÍ

'�Í�×¿ÌUÍ�Ê�Î�ØËÓËÙCßUÌ¿Ê�íJí ÌJÊ�í �fÈ�ÖËí&Í�Ó_âËÍ�×Jß¿Ì@È�Ì¿ÊyßUÌ¿ÊyßUàUÖnÍ�Ó[�PÍ�ÖËÎyÍ�×JÙ|ØËÌJíJÊ�Ì&âËÍ�Ó_ß¿Ê�í ØËÎ�ÊyÍ�×¿ÌUÍ�Ó Ñ�×UÍ�Ê�Ù|ÓËÊyßUßUÍ�ÓÕ��!Í�×UÍ�Ê�Ó-Ð��¢Ó�âËÍ�×w�	���ËÊ�ÎyâaØËÓËÙ&Êyß¿ÌEÓûØËÓ3È�Ønà@Ö�Ù|ØËÌw��Ø³Í�×¿è°Í�ÓËÓnÍ�ÓQPPânÈÞßUß�âaÊyÍ1ý°Í�×B�ËÎyÍ�Ê��hÍ�ÓnâËÍ�ÓëÑ�×UÍ�Ê�Ù|ÓËÊyßUßUÍE��ØÍ�Ê�ÓnÍ�íäÙ|×UÝ"y°Í�Ó�ÜrÍ�Ê�Î8È�Ønß�ÜrÝÞÉaò�éfØPÈ�×¿èÎ!�×UÝ´âaØËèMÌ¿ÊyÝÞÓCß¿Ì@È�íJí&Í�Ó-Ð-ð¬ÊyÍ�ßUÍ7Ù°Í�Ö´Ì�Ê�Ó�ýMÊyÍ�ÎyÍ�ÓU#hÍ�×óÔ�È�Î�Îyß¿è|È�Ó0��ÎyÍ�ÓíJÊ�ÌEâËÍ�×v!�×UÝ´âaØËèMÌ¿ÊyÝÞÓ³ý°ÝÞÓ�ýMÊyÍ�×8ÝMâËÍ�×8í&Í�ÖË×{�°Í�ÌUßEÍ�Ê�ÓËÖnÍ�×YÐað¬ÊyÍ Ê�Ó³âËÍ�Ó�ß@Í�ÎyÍ�è´Ì¿ÊyÍ�×¿ÌUÍ�Ó³ð�È�ÌUÍ�Ó�âËÝÞíJÊ�ÓPÈ�Ó´ÌUÍ�ÓÇ�È�Ó0��ÎyÍëßUÊ�Ónâ*Ì Ì → eνeb

�

b
ØËÓnâ_Ì Ì → eνeb eνeb

Ð�Ñ$×UßUÌUÍ�×UÍ�×&ÉË×UÝ´âaØ���ÊyÍ�×¿Ì�Õ��hÍ�×¿ç�ÊyÍ�Ù°Í�Ónâ ý´ÊyÍ�×��ûÍ�ÌUßVPÎyÍ�ÌB��ÌUÍ�×UÍ�×	��ç8Í�Êq�°Í�ÌUß�Ð
æ}¸>Í7¸Xä}½D¾�¿�»>áKáVº�æ<À�È¯µY¿qÈDºT»�½"¾qºTÈDÀ�¿�Êè�4ã4¿[Ã

bb
îfÀ�¿�ÂÁíA»�Ê4Ê0Å î��$È;º9»�Ê4¿�»ÇÅ�ÅVºT¿

ªfí�ÓûØËÓ âaÊyÍ�Í�×¿ç�ÕËÓnß@àUÖûÌUÍ�Ó Ñ$×UÍ�Ê�Ù|ÓËÊyßUß@ÍpPfÈ�ÎyßUÝdæ
bb
ØËÓnâ æÿñIPQÈ�Ó���ØË×UÍ�ÊyàUÖnÍ�×¿Ó ØËÓnâ âaÊyÍËª Ó´ÌUÍ�×óòÙ|×¿ØËÓnâËÍ�×UÍ�Ê�Ù|ÓËÊyßUß@Í	��Ø³ØËÓ´ÌUÍ�×Uâa×¿ÕnàUè°Í�Ó3ß¿Ê�Ónâ�ç8Í�Ê�ÌUÍ�×UÍ ìMà@ÖËÓËÊ�Ì¿ÌUÍ�Í�×óÔ§ÝÞ×UâËÍ�×¿Î�Êyà@Ö-Ð0#NØËÓ0�ÞàUÖnß¿Ì{�ËÊyÍ�ÌUÍ�Ì�Í�ßEß¿ÊyàUÖ�È�ÓQP
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bbνe→bWb
ccνe→cWc

νeνebb→tt
νjjebb→tt

single top
di-boson

*10bbνe→WH
QCD

	 ththZÇÒ´kW]-T-udI}Ô�Õ�EQÔw�°Í�Ì�ôåØËÎ�Ì¿Ê�ÉËÎ�Ê���Ê�Ì���ÌEÔjÕË×EÑ$×UÍ�Ê�Ù|ÓËÊyßUßUÍ¬íJÊ�ÌEíJÊ�ÓnâËÍ�ß¿ÌUÍ�Ónß{��çøÍ�ÊhÊyâËÍ�Ó´Ì¿Ê�ò
�?��ÊyÍ�×¿ÌUÍ�Ó

b
ò��°Í�ÌUßYÐ

ÓûØË×�Ñ$×UÍ�Ê�Ù|ÓËÊyß@ßUÍ°��Ø�È�èT�YÍ�ÉËÌ¿ÊyÍ�×UÍ�ÓQP-âaÊyÍ>Ù°Í�ÓPÈ�ØÎ��ç8Í�ÊF�ûÍ�ÌUß�Í�ÓûÌ¿ÖPÈ�Î�ÌUÍ�Ó-Ð-ð�ÈÞâaØË×Uà@Ö�ç8Í�×UâËÍ�Ó�Í�Ì¢çEÈëõ|úl âËÍ�×Ù°Í�ç�ÕËÓnßUà@ÖûÌUÍ�ÓCæ
bb
òQØËÓnâ�ælñ ò¢Ñ$×UÍ�Ê�Ù|ÓËÊyßUßUÍ��hÍ�Ê��!Í�ÖPÈ�Î�ÌUÍ�ÓQP[çv��ÖË×UÍ�ÓnâCý°ÝÞí�ª Ó´ÌUÍ�×¿Ù|×¿ØËÓnâ�Ô�ÈÞß¿Ì î|úl#Í�Ó´ÌóòÔ�Í�×¿ÓûÌ�ç8Í�×UâËÍ�Ó-ÐWð¬Í�×�ñ1È�ØËÉËÌB�!Í�Ê�Ì¿×@È�Ù3ânÈD��Ø�Êyß¿Ì�âaÊyÍ¯ªfÓûÌUÍ�×Uâa×¿ÕnàUèMØËÓËÙåâËÍ�ßE!�×UÝ"�YÍ�ßUßUÍ�ß�Ì Ì → eνeb


Ç

b
ý°ÝÞÓÕ��!Í�×øõ|úl�ÐMðfÊyÍ¬È�ÓnâËÍ�×UÍ�Ó�÷EÍ�Ê�Ì¿×���Ù°Í¬âËÍ�ß�ªfÓûÌUÍ�×¿Ù|×¿ØËÓnâËßEÍ�×óÔ�È�ÖË×UÍ�Ó�Í�Ê�ÓnÍ¬Í�×¿ÖnÍ �ËÎ�ÊyàUÖ³Ù°Í�×¿Ê�ÓËÙ°Í�×UÍ$� Í�âaØËèMÌ¿ÊyÝÞÓ-Ð

��ÕË×1âaÊyÍ>ý°Í�×B�ËÎyÍ�Ê��!Í�ÓnâËÍ�Ó�ÎyÍ�ÉËÌUÝÞÓËÊyßUàUÖnÍ�Ó�Ñ$Ónâ���Ønß¿Ì���ÓnâËÍJâËÍ�×�ÜWÝÞÉaò�!$×UÝMâaØËèMÌ¿ÊyÝÞÓ�Êyß¿Ì1Í�Ê�Ó�çøÍ�Ê�ÌUÍ�×UÍ�×¸ìMÍ�òÎyÍ�èMÌ¿ÊyÝÞÓnßUßUàUÖË×¿Ê�Ì¿Ì�Í�×óÔ�ÝÞ×UâËÍ�×¿Î�ÊyàUÖ-ÐËñfÊyÍ�×8í�ÈÞà@ÖûÌ�í�È�Ó�ß¿Êyà@ÖY��ØËÓ´ØËÌB�YÍpPaânÈÞßUßEâaÊyÍfÜrÝÞÉaò�éfØPÈ�×¿èMß È�ØaÔ§Ù|×¿ØËÓnâ�Ê�ÖË×UÍ�×ÖnÝÞÖnÍ�Ó�ô�ÈÞß@ßUÍ¸È�Ønà@Ö�ÖnÝ´à@ÖnÍ�ÓnÍ�×¿Ù°Í�Ì¿ÊyßUàUÖnÍN#hÍ�×óÔ�È�Î�Îyß¿ÉË×UÝMâaØËè´ÌUÍ7Í�×B�YÍ�ØËÙ°Í�Ó-Ð!Ñ$Ê�ÓnÍ7Ù°Í�Í�Ê�Ù|ÓnÍ�ÌUÍ&á¬×&O"y°Í>Êyß¿Ì¬ÖËÊyÍ�×âaÊyÍ ßUèÞÈ�Î\È�×UÍ1ì´ØËíJí&ÍfâËÍ�×8Ì¿×@È�Ónß¿ý°Í�×Uß@È�ÎyÍ�Ó³Ñ$ÓnÍ�×¿Ù|ÊyÍ�Ó³È�Î�ÎyÍ�×ø×UÍ�è°ÝÞÓnß¿Ì¿×¿ØËÊyÍ�×¿ÌUÍ�×��	��
óÍ�èMÌUÍfÊ�í Ñ$×UÍ�Ê�Ù|ÓËÊyßYÐMð¬ÊyÍ�ßUÍá¬×&O"y°Í³ç�Ê�×Uâ È�Ønà@Ö~È�ÎyßJñ¬Ü¬�hÍ �YÍ�Êyà@ÖËÓnÍ�Ì�ØËÓnâ*âaÊyÍX'�Í�×¿ÌUÍ�Ê�Î�ØËÓËÙ�âaÊyÍ�ß@Í�×�á¬×&O"y°Í³Êyß¿ÌJÊ�ÓZ�	���ËÊ�ÎyâaØËÓËÙ�þaÐ�ÏYÚÙ°Í �YÍ�Ê�Ù|ÌYÐ
ª í âËÍ�Ó�ÝÞÉËÌ¿Ê�í�È�ÎyÍ�Ó ìMà@ÖËÓËÊ�Ì¿ÌE��ØË×�� ÓË×UÍ�Êyà@ÖnÍ�×¿ØËÓËÙ3âËÍ�×�Ù°Í�ç�ÕËÓnßUà@ÖûÌUÍ�ÓCÑ$×UÍ�Ê�Ù|ÓËÊyß@ßUÍ°��ØÎ�nÓnâËÍ�ÓQP!ç�Ê�×UâÍ�Ê�ÓnÍN�fÉËÌ¿Ê�íJÊyÍ�×¿ØËÓËÙ âËÍ�×>ì´Ê�Ù|ÓPÈ�Îyß¿Ê�Ù|ÓËÊ�nè|È�Ó���ç�ÊyÍJÊ�Ó ÚaÐ�ÛaÐ ö��!Í�ßUàUÖË×¿ÊyÍ �!Í�ÓCâaØË×UàUÖËÙ°Í�Ô§ÕËÖË×¿ÌYÐ�ð1ÈD�!Í�Ê�çøÍ�×UâËÍ�ÓçøÈ�ÖËÎ�çøÍ�ÊyßUÍ�æ

bb
ò-ÝMâËÍ�×�æÿñ ò¢Ñ$×UÍ�Ê�Ù|ÓËÊyßUßUÍQÈ�Îyß�ì´Ê�Ù|ÓPÈ�ÎËý°Í�×¿ç8Í�ÓnâËÍ�Ì8ØËÓnâJÈ�Î�ÎyÍQÈ�ÓnâËÍ�×UÍ�Ó&Ñ$×UÍ�Ê�Ù|ÓËÊyßUßUÍEç�ÊyÍEÜWÝÞÉaòÝMâËÍ�×QðfÊ�ò¢÷EÝ|ßUÝÞÓaò¢Ñ�×UÍ�Ê�Ù|ÓËÊyßUßUÍ�ØËÓnâW�ûÍ�Ìóò¢Ñ$×UÍ�Ê�Ù|ÓËÊyßUßUÍ ç8Í�×UâËÍ�Ó�È�Îyßeª Ó´ÌUÍ�×¿Ù|×¿ØËÓnâA�!Í�Ì¿×@ÈÞàUÖûÌUÍ�ÌYÐNð¬ÊyÍf�fÉËÌ¿Ê�íJÊyÍ�ò×¿ØËÓËÙ âËÍ�×8ìMà@ÖËÓËÊ�Ì¿ÌUÍQç�Ê�×Uâ�È�ÓËÖPÈ�Ónâ�âËÍ�×�#NØnß@È�íJí&Í�ÓnßUÍ�ÌB��ØËÓËÙ7âËÍ�×�ß¿Ê�í ØËÎ�ÊyÍ�×¿ÌUÍ�Ó�Ñ$×UÍ�Ê�Ù|ÓËÊyßUßUÍQâaØË×Uà@ÖËÙ°Í�ÔjÕËÖË×¿ÌVPç8Ý"�!Í�Ê7��Ønß���ÌB��Î�ÊyàUÖåâËÍ�×�È�Ønß�âËÍ�Ó�Í�à@ÖûÌUÍ�Ó3ð�È�ÌUÍ�ÓX�hÍ�ßUÌ¿Ê�íJí ÌUÍ�÷EÍ�Ê�Ì¿×@È�Ù&âËÍ�×w�°Í�Ìóò�!$×UÝMâaØËè´Ì¿ÊyÝÞÓA�!Í�×¿ÕnàUèaß¿Êyà@ÖaòÌ¿Ê�Ù|Ì�ç�Ê�×Uâ[Ð

ª í âaÊyÍëÝÞÉËÌ¿Ê�í�È�ÎyÍ�ì´Ê�Ù|ÓPÈ�Î\È�ÓË×UÍ�Êyà@ÖnÍ�×¿ØËÓËÙ���Ø Í�×¿ÖPÈ�Î�ÌUÍ�Ó ç�Ê�×Uâ~Í�Ê�ÓlìMàUÖËÓËÊ�Ì¿Ìóò��nÍ�ÓnßUÌUÍ�×³âËÍ��nÓËÊyÍ�×¿Ì�ØËÓnââaÊyÍåì´Ê�Ù|ÓPÈ�Îyß¿Ê�Ù|ÓËÊ�nè|È�Ó��ëÔ§ÕË×�È�Î�ÎyÍ�í�OÞÙ|Î�Êyà@ÖnÍ�ÓlÇfÝÞíf�ËÊ�ÓPÈ�Ì¿ÊyÝÞÓnÍ�Ó_�hÍ�×UÍ�à@ÖËÓnÍ�ÌYÐ8ð¬ÊyÍ3ì´Ê�Ù|ÓËÊ�nè|È�Ó��ëÔ§ÕË×&âaÊyÍ�ßUÍ
�nÍ�Ónß¿ÌUÍ�×�Êyß¿Ì&Ê�Ó[�	���ËÊ�ÎyâaØËÓËÙ þaÐ�ÏYþ�Ô§ÕË×&æ

bb
ò ØËÓnâ_ælñ ò�ì´Ê�Ù|ÓPÈ�ÎyÍ�×UÍ�Ê�Ù|ÓËÊyßUßUÍ3Ù°Í �YÍ�Ê�Ù|ÌYÐ�ð�ÈÞß�ÝÞÉËÌ¿Ê�í�È�ÎyÍ ì´Ê�òÙ|ÓPÈ�Î�Ô�Í�Ónß¿ÌUÍ�×QÊyß¿Ìz
¿Í�ç8Í�Ê�ÎyßfânÈÞßQô�È;�aÊ�í ØËí âËÍ�×QÙ°Í �YÍ�Ê�Ù|ÌUÍ�Ó ì´Ê�Ù|ÓËÊ�nè|È�Ó�� ð4�ÞàUÖnÍ|Ð.��ÕË× âaÊyÍ�÷EÍ�ß¿Ì¿Ê�íJí ØËÓËÙ�âËÍ�ßæ

bb
ò�ælÊ�×¿è´ØËÓËÙ°ß&%´ØnÍ�×UßUà@ÖËÓËÊ�Ì¿ÌUÍ�ßw�nÓnâËÍ�ÌQí�È�ÓåÈ�Îyß ÝÞÉËÌ¿Ê�í�È�ÎyÍ>ìMÍ�ÎyÍ�èMÌ¿ÊyÝÞÓ

85
á1Íx'

<
ñ¬Ü

< 210
á1Í�'

ØËÓnâ�Ô§ÕË× âaÊyÍ ìMÍ�ÎyÍ�è´Ì¿ÊyÝÞÓåý°ÝÞÓëñ Ê�Ù|Ù°ß¿ò¢Ñ$×UÍ�Ê�Ù|ÓËÊyßUßUÍ�ÓåÊyß¿ÌQâaÊyÍ�ß
150

á1Íx'
<
ñ¬Ü

< 290
á1Í�'

.
�¢Ó~âËÍ�×�æ

bb
ò�ìMÍ�ÎyÍ�èMÌ¿ÊyÝÞÓ~çøÍ�×UâËÍ�ÓlânÈ�íJÊ�Ì�ç8Í�Ê�ÌUÍ�×UÍ þ|úl âËÍ�ßYª Ó´ÌUÍ�×¿Ù|×¿ØËÓnâËÍ�ß�ý°Í�×¿çøÝÞ×óÔ§Í�ÓQP8çv��ÖË×UÍ�ÓnâãÞÚlùâËÍ�ß�ì´Ê�Ù|ÓPÈ�Îyß1Í�×¿ÖPÈ�Î�ÌUÍ�ÓÎ�ËÎyÍ�Ê��!Í�Ó-Ð.��ÕË×1âaÊyÍ¸ñfÊ�Ù|Ù°ßóò�ìMÍ�ÎyÍ�èMÌ¿ÊyÝÞÓ Î�ÊyÍ�Ù°Í�Ó âaÊyÍ�ß@Í æ�Í�×¿ÌUÍI�!Í�Ê�þ|úl©ª Ó´ÌUÍ�×óòÙ|×¿ØËÓnâa×UÍ�âaØËèMÌ¿ÊyÝÞÓ3ØËÓnâ3î|Ûlüì´Ê�Ù|ÓPÈ�ÎyÍ�����ÊyÍ�Ó��°Ð
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�!Í�ÊxPWânÈÞßUß>âaÊyÍ�ß@Í�ÎyÍ�è´Ì¿ÊyÍ�×¿ÌUÍ�ÓdÑ$×UÍ�Ê�Ù|ÓËÊyßUßUÍ³È�ØnàUÖ*Í�Ê�ÓnÍ�Ó*È�ÓnâËÍ�×UÍ�Ó±ªf×Uß¿ÉË×¿ØËÓËÙ�ÖPÈD�hÍ�Ó�èlOÞÓËÓnÍ�ÓQPrânÈ�È�ÓnâËÍ�×UÍÉËÖTSMß¿Ê�è|È�Î�ÊyßUà@ÖnÍb!$×UÝ"�YÍ�ß@ßUÍ Í �!Í�ÓaÔ�È�Î�Îyß íJÊ�ÌfÍ�Ê�ÓnÍ�×$�hÍ�ßUÌ¿Ê�íJí ÌUÍ�Ó�æCÈ�ÖË×UßUàUÖnÍ�Ê�ÓËÎ�Êyà@ÖËè°Í�Ê�Ì�ý°ÝÞÓåâËÍ�×fÑ�×UÍ�Ê�Ù|ÓËÊyßUßUÍ�òÎyÍ�èMÌ¿ÊyÝÞÓ�Í�×óÔ�ÈÞßUß¿Ì�ç8Í�×UâËÍ�Ó-Ð´ð1ÈD�!Í�ÊnÊyß¿Ì�âaÊyÍEæCÈ�ÖË×Uß@àUÖnÍ�Ê�ÓËÎ�ÊyàUÖËè°Í�Ê�ÌUßUý°Í�×¿ÌUÍ�Ê�Î�ØËÓËÙ?P��hÍ�ÊPÍ�Ê�ÓnÍ�×a�!Í�ß¿Ì¿Ê�íJí¸ÌUÍ�Ó�íJÊ�Ì¿ÌóòÎyÍ�×UÍ�Ó3Ñ�×¿çøÈ�×¿Ì¿ØËÓËÙ�È�Ómª Ó´ÌUÍ�×¿Ù|×¿ØËÓnâËÍ�×UÍ�Ê�Ù|ÓËÊyßUßUÍ�ÓåÍ�Ê�ÓnÍ��hÍ�ß¿Ì¿Ê�íJí¸ÌUÍ��fÓ���È�ÖËÎ-Ì@È�ÌUß��ÞàUÖËÎ�Êyà@Ö���ØW�!Í�Ý"�PÈÞàUÖ´ÌUÍ�ÓQPâaØË×Uà@ÖlÍ�Ê�ÓnÍm!rÝÞÊyßUß@ÝÞÓûý°Í�×¿ÌUÍ�Ê�Î�ØËÓËÙdÙ°Í�Ù°Í �hÍ�Ó-Ð8ð�ÈÞß�ÖnÍ�Ê�y|Ì�ØËÓûÌUÍ�×�È�ÓnâËÍ�×UÍ�íAPøânÈÞßUßC�hÍ�Êfè´ÎyÍ�Ê�ÓnÍ�ÓlÑ$×UÍ�Ê�Ù|ÓËÊyßóò
��È�ÖËÎyÍ�Ó âaÊyÍë×UÍ�Î\È�Ì¿Ê�ý°Í�ªfÓûÌUÍ�×¿Ù|×¿ØËÓnâ9ðnØËèMÌ¿ØPÈ�Ì¿ÊyÝÞÓlÙ|×UÝ"yCÊyß¿ÌYÐa�¢Ó*ØËÓËÙ|ÕËÓnßUÌ¿Ê�Ù°Í�Ó~Ç ÝÞÓnßUÌUÍ�Î�Î\È�Ì¿ÊyÝÞÓnÍ�Ó~è|È�ÓËÓ Í�ßânÈ�ÖnÍ�×�ý°ÝÞ×¿è°ÝÞíJí&Í�ÓQP�ânÈÞßUß È�ØaÔ§Ù|×¿ØËÓnâ�âaÊyÍ�ßUÍ�×b�rÎ�ØËèMÌ¿ØPÈ�Ì¿ÊyÝÞÓnÍ�ÓCí&Í�ÖË×bª Ó´ÌUÍ�×¿Ù|×¿ØËÓnâËÍ�×UÍ�Ê�Ù|ÓËÊyßUßUÍ�Ù°Í�í&Í�ßUßUÍ�ÓÈ�ÎyßfÍ�×¿çøÈ�×¿ÌUÍ�Ì1ç8Í�×UâËÍ�Ó�ØËÓnâ3ßUÝÞíJÊ�Ì¬âËÍ�×e�!Í�×UÍ�àUÖËÓnÍ�ÌUÍ¯#hÍ�ÓûÌ¿×@È�Î�çøÍ�×¿Ì1ÔjÕË× Í�Ê�ÓnÍ�Ó\��Ønß���ÌB��Î�Êyà@ÖnÍ�Ó�ì´Ê�Ù|ÓPÈ�Î\È�Ó´ÌUÍ�Ê�ÎÊ�Ó�ØËÓËÉËÖTSMß¿Ê�è|È�Î�ÊyßUà@ÖnÍ�Óå÷EÍ�×UÍ�ÊyàUÖnÍ�ÓåÎ�ÊyÍ�Ù|ÌYÐ

�4¸�j4¸�j4¸�°à�¸.º<Å�'�ÅV½"¾qºZä.áVà�á�»�ÅKá�»�Éz¸�ð1Í�×�÷�ÈKS°Í�ß)( ß@àUÖnÍ��fÓnß@È�ÌB�lP}��ÓaÔ§ÝÞ×¿í�È�Ì¿ÊyÝÞÓnÍ�Ó�È�Ønß�âËÍ�íêÑ$×¿Ù°Í �ËÓËÊyßÍ�Ê�ÓnÍ�ßQÑa�MÉ!Í�×¿Ê�í&Í�ÓûÌUß	��Ø�Ù°Í�ç�Ê�ÓËÓnÍ�ÓQP?�PÈÞß¿ÊyÍ�×¿Ì¬È�ØnßQâËÍ�í ìaÈ�ÌB��ý°ÝÞÓ3÷�ÈVS°Í�ßVg
p(θ|x) =

L(x|θ)π(θ)
∫

L(x|θ′)π(θ′)dθ′ñfÊyÍ�×fÊyß¿Ì¬âËÍ�×¬ß@Ý&Ù°Í�ÓPÈ�ÓËÓûÌUÍ°!�Ý|ß¿ÌUÍ�×¿ÊyÝÞ×
p(θ|x) âaÊyÍ¸æCÈ�ÖË×UßUà@ÖnÍ�Ê�ÓËÎ�ÊyàUÖËè°Í�Ê�ÌVP-ânÈÞßUß¬âËÍ�×�ìaÈ�ÌB� ý°ÝÞÓÎ!�È�×@È�òí&Í�ÌUÍ�×¿Ó

θ
�!Í�ß¿Ì¿Ê�íJí¸ÌUÍ�æ�Í�×¿ÌUÍ¸È�ÓËÓËÊ�íJí¸ÌVPnçøÍ�ÓËÓåâaÊyÍ�ð�È�ÌUÍ�Ó

x
�hÍ�Ý"�PÈÞà@ÖûÌUÍ�Ì¬ç�ØË×UâËÍ�Ó-ÐPð�ÈD�!Í�Ê-Êyß¿Ì

L(x|θ)âaÊyÍw�[Ê�è°Í�Î�Ê�ÖnÝMÝMâ.~éP|Í�Ê�ÓnÍ�Ó&ð�È�ÌUÍ�Ónß@È�ÌB�
x
��Ø¯�!Í�Ý"�PÈÞàUÖûÌUÍ�ÓQPûç8Í�ÓËÓ

θ
Ù°Í�Ù°Í �!Í�Ó&Êyß¿ÌYÐÞð¬ÊyÍw�ËØËÓËèMÌ¿ÊyÝÞÓ

π(θ)
ÖnÍ�Ê�y|Ì

~¤WT��4 �y't�t�+.�.V��,"�mv<.����x���x��.é�x��5 � �;�x�����D�i�t�+'t�t���+4 �i���B 
Ö (



Ö�) Ö £ *,+020698Æ�9806T2p/<20*>Ù7+\Ú7698�698?§76�â�+4*>3 3�6
!$×¿ÊyÝÞ×�ØËÓnâ\�!Í�ßUàUÖË×UÍ�Ê��ËÌ�âaÊyÍ&È�ÉË×¿ÊyÝÞ×¿Ê$æCÈ�ÖË×UßUà@ÖnÍ�Ê�ÓËÎ�ÊyàUÖËè°Í�Ê�ÌUß¿ý°Í�×¿ÌUÍ�Ê�Î�ØËÓËÙ ý°ÝÞÓ

θ
Ð4��Ó Ê�ÖË×�èlOÞÓËÓnÍ�ÓCÈ�Î�ÎyÍ>ý°ÝÞ×âËÍ�×Qô�Í�ßUß¿ØËÓËÙ¯�!Í�èÞÈ�ÓËÓ´ÌUÍ�Óm��ÓaÔ§ÝÞ×¿í�È�Ì¿ÊyÝÞÓnÍ�ÓëÕ��!Í�×

θ
��Ønß@È�íJí&Í�ÓËÙ°Í�Ô�ÈÞßUß¿ÌQçøÍ�×UâËÍ�Ó-Ðð¬ÊyÍw'�Í�×¿ç8Í�ÓnâaØËÓËÙJÍ�Ê�ÓnÍ�ß]!�×¿ÊyÝÞ×Uß�Êyß¿Ì�Í�Ê�ÓnÍ�×Uß@Í�Ê�ÌUß8Í�Ê�ÓnÍ�Ù|×UÝ"y°Í1ì´Ì���×¿è°Í âËÍ�×�ô�Í�Ì¿ÖnÝMâËÍpP°ânÈ�Í�×�Í�ß�Í�×¿Î\È�Ø��ËÌVP

�!Í�Î�ÊyÍ �ËÊ�Ù�è°ÝÞíJÉËÎyÍ��aÍW��ÓaÔ§ÝÞ×¿í�È�Ì¿ÊyÝÞÓnÍ�Ó Õ��hÍ�×&âaÊyÍW!�È�×@È�í&Í�ÌUÍ�×
θ

��Ø*ý°Í�×¿ç8Í�ÓnâËÍ�Ó~ØËÓnâ*âËÍ�ÓZ!rÝ|ß¿ÌUÍ�×¿ÊyÝÞ×�ßUÝ
�!Í�ßUßUÍ�×{��Øëí�ÈÞàUÖnÍ�Ó-Ð4� ÓnâËÍ�×UÍ�×Uß@Í�Ê�ÌUßQÙ°Í�ÖnÍ�ÓëÊ�ÓëâËÍ�Ó�!�×¿ÊyÝÞ× ânÈ�íJÊ�Ì¬ÈD�!Í�×��¢ÓaÔ�ÝÞ×¿í�È�Ì¿ÊyÝÞÓnÍ�ÓåÍ�Ê�ÓQPËâaÊyÍ ß¿Ø���
óÍ�è´òÌ¿Ê�ý�ß¿Ê�Ónâ[Ð�ð¬ÊyÍN�fÓËÙûÈD�!Í�Í�Ê�ÓnÍ�ß>íJÊ�Ì7âËÍ�×7÷�ÈVS°Í�ß)( ßUàUÖnÍ�Ó*ô�Í�Ì¿ÖnÝ´âËÍ�Ù°Í�çøÝÞÓËÓnÍ�ÓnÍ�Ó_Ñ$×¿Ù°Í �ËÓËÊyßUßUÍ�ßJÍ�×óÔ�ÝÞ×UâËÍ�×¿ÌânÈ�íJÊ�ÌøÈ�Îyß@Ý È�ØnàUÖ�âaÊyÍ�� ÓËÙûÈD�!ÍQâËÍ�ß�!$×¿ÊyÝÞ×Uß8ß@ÝYç�ÊyÍ âËÍ�×�ý°Í�×¿ç8Í�ÓnâËÍ�ÌUÍ�ÓW�[Ê�è°Í�Î�Ê�ÖnÝMÝ´âMò��ËØËÓËèMÌ¿ÊyÝÞÓ

L(x|θ) P|ØËíÝ"��
¿Í�è´Ì¿Ê�ý�ÓPÈÞà@Öûý°ÝÞÎ�Î���ÊyÍ�Ö<�PÈ�×C��Ø ßUÍ�Ê�Ó-Ð�ìMàUÖËÎ�ÊyÍ y|Î�Êyà@Ö*èlOÞÓËÓnÍ�Ó ý°Í�×Uß@àUÖËÊyÍ�âËÍ�ÓnÍX� ÓPÈ�Î�SaßUÍ�Ó âËÍ�×UßUÍ�Î��hÍ�Ódð�È�ÌUÍ�ÓØËÓûÌUÍ�×Uß@àUÖËÊyÍ�âaÎ�ÊyàUÖnÍJÑ�×¿Ù°Í �ËÓËÊyßUßUÍ�Î�ÊyÍ�Ô�Í�×¿ÓQPNÈD�ËÖ0��ÓËÙ|Ê�Ù³ânÈ�ý°ÝÞÓQPNç8Í�Îyà@ÖnÍJÈ7ÉË×¿ÊyÝÞ×¿Ê���ÓaÔ�ÝÞ×¿í�È�Ì¿ÊyÝÞÓnÍ�Ó3ý°Í�×¿ç8Í�ÓnâËÍ�Ìç�ØË×UâËÍ�Ó-ÐÑ$Ê�ÓÎ� Ønß¿çøÍ�Ù?P!âaÊyÍ�ßUÍ7ì´Ø���
¿Í�èMÌ¿Ê�ý´Ê�Ì���Ì$��Øå×UÍ�âaØ���ÊyÍ�×UÍ�ÓÎ�!Í�ß¿ÌUÍ�ÖûÌ1ânÈ�×¿Ê�ÓQP[È�Îyß	!�×¿ÊyÝÞ×1Í�Ê�ÓnÍ>Ç ÝÞÓnßUÌ@È�ÓûÌUÍI��Ø
�!Í�ÓûØËÌB��ÌUÍ�ÓQP?�!Í ��ÊyÍ�ÖûØËÓËÙ°ßUç8Í�ÊyßUÍ>Í�Ê�ÓnÍ>ì´ÉË×¿ØËÓËÙÞÔ§ØËÓËè´Ì¿ÊyÝÞÓQPNØËíüÓnÍ�ÙûÈ�Ì¿Ê�ý°Í æ�Í�×¿ÌUÍ���ØëØËÓ´ÌUÍ�×Uâa×¿ÕnàUè°Í�Ó-Ð!ð¬ÊyÍ�ßUÍ�×Î�ÊyÍ�Ô�Í�×¿Ì¬ânÈ�ÓËÓ�Ó´ØËí&Í�×¿ÊyßUàUÖ�ÊyâËÍ�Ó´Ì¿ÊyßUàUÖnÍJÑ$×¿Ù°Í �ËÓËÊyß@ßUÍ7íJÊ�Ì�âËÍ�í ØËÓ´ÌUÍ�ÓÎ�hÍ�ßUà@ÖË×¿ÊyÍ �hÍ�ÓnÍ�ÓË�n×UÍK%ûØnÍ�Ó´Ì¿Êyß¿Ì¿ÊyßUàUÖnÍ�Ó
�fÓnß@È�ÌB�°Ðð1Í�×b!�Ý|ß¿ÌUÍ�×¿ÊyÝÞ× è|È�ÓËÓCÓ´ØËÓCý°Í�×¿ç8Í�ÓnâËÍ�Ì>ç8Í�×UâËÍ�ÓQPrØËíêÇfÝÞÓ��PâËÍ�Ó���Ê�ÓûÌUÍ�×¿ý|È�Î�ÎyÍ³Ý´âËÍ�× ò�Ù|×UÍ�Ó��YÍ�Ó|��Ø|�!Í�ò×UÍ�àUÖËÓnÍ�Ó-Ð�ð�È�Ô§ÕË× í Ønß@ß¸í�È�ÓdÍ�Ê�ÓdÇ ÝÞÓ��PâËÍ�Ó���ÓËÊ�ý°ÍYÈ�Ø

α
ý°ÝÞ×¿Ù°Í �!Í�ÓQPrânÈÞß¸Ô�Í�ß¿Ì¿ÎyÍ�Ù|ÌVP-íJÊ�Ì>ç8Í�Îyà@ÖnÍ�×JæCÈ�ÖË×óòßUà@ÖnÍ�Ê�ÓËÎ�ÊyàUÖËè°Í�Ê�Ì

θ
Ê�ÓËÓnÍ�×¿ÖPÈ�Î���âËÍ�ß���ÓûÌUÍ�×¿ý|È�Î�Îyß�����ç�ÐnâËÍ�×fá¬×UÍ�Ó��YÍ�Î�ÊyÍ�Ù|ÌYÐnð¬ÊyÍ��¢Ó´ÌUÍ�×¿ýÞÈ�Î�ÎyÍ�í ÕnßUßUÍ�ÓåânÈ�ÓËÓ

α =

∫ θ2

θ1

p(θ|x)dθ
Í�×óÔ§ÕËÎ�ÎyÍ�Ó-Ð.ªfí Ý"�hÍ�×UÍ&á¬×UÍ�Ó��YÍ�ÓR��Ø�Í�×¿ÖPÈ�Î�ÌUÍ�ÓQP[ßUÍ�ÌB��Ì1í�È�Ó

θ1 = θmin
P[È�ÎyßUÝ�Ù|ÎyÍ�Êyà@Ö�âËÍ�í#ôåÊ�ÓËÊ�í�È�Î�ç8Í�×¿ÌYÐ

��ÕË×³È�Ønß@ßUàUÖËÎ�ÊyÍ y|Î�Êyà@Ö ÉhÝ|ß¿Ê�Ì¿Ê�ý°Í�á¬×&O"y°Í�ÓÿÊyß¿Ì�ânÈÞß�Õ��ËÎ�Êyà@ÖnÍ�×¿ç8Í�ÊyßUÍ
θ1 = 0

Ð8÷EÍ�Ê1âËÍ�×�÷EÍ�ß¿Ì¿Ê�íJí¸ØËÓËÙ*ý°ÝÞÓ
��ÓûÌUÍ�×¿ý|È�Î�ÎyÍ�Ó~Ì¿×¿Ê�Ì¿Ì�Í�Ê�ÓnÍm�fíf�ËÊ�Ù|ØËÊ�Ì���Ì�ânÈÞâaØË×UàUÖ È�ØaÔBP�ânÈÞßUß�ß¿ÊyàUÖÿâaÊyÍ3÷EÍ�âaÊ�ÓËÙ|ØËÓËÙdâaØË×UàUÖÿý°Í�×UßUà@ÖËÊyÍ�âËÍ�ÓnÍÇ ÝÞíb�ËÊ�ÓPÈ�Ì¿ÊyÝÞÓnÍ�Óëý°ÝÞÓ

θ1
ØËÓnâ

θ2
Í�×óÔ§ÕËÎ�ÎyÍ�Ó³Î>�ÞßUß¿ÌYÐTÌe�ËÎ�Êyà@ÖnÍ�×¿ç8Í�ÊyßUÍ�Î,O|ßUÌ8í�È�Ó³âaÊyÍ�ßUÍpP´Ê�ÓnâËÍ�í í�È�Ó�Ô�ÝÞ×UâËÍ�×¿ÌVPânÈÞßUß

p(θ|x) Õ��hÍ�×@È�Î�Î[Ê�ÓËÓnÍ�×¿ÖPÈ�Î���âËÍ�ß��¢Ó´ÌUÍ�×¿ýÞÈ�Î�Îyß Ù|×&O"y°Í�× ßUÍ�Ê�Óëí¸ØnßUß È�Îyß È�Ø�y°Í�×¿ÖPÈ�Î��-Ð
�4¸�j0¸>n}¸³}È;º+*QÀqº9¿.á�»�ÅKá�»�ÅV½D¾�º[ä.áVà�á�»�ÅKá�»�Éz¸�ð¬ÊyÍ¯� Ó´ç8Í�ÓnâaØËÓËÙëèMÎ\ÈÞßUß¿ÊyßUà@ÖnÍ�×�ß¿Ì@È�Ì¿Êyß¿Ì¿ÊyßUà@ÖnÍ�×�ôåÍ�Ì¿ÖnÝMâËÍ�ÓÔ§ÕËÖË×¿Ì8âaÊ�×UÍ�èMÌ���ØË×{�fÍ SMí�È�ÓËÓaò¢ô�Í�Ì¿ÖnÝ´âËÍ°hoÍ�®?k4��ØË×E÷EÍ�×UÍ�àUÖËÓûØËÓËÙJý°ÝÞÓ³Ç ÝÞÓ��PâËÍ�Ó���Ê�Ó´ÌUÍ�×¿ýÞÈ�Î�ÎyÍ�Ó3ØËÓnâ�Ý"�!Í�×UÍ�ÓÇ ÝÞÓ��PâËÍ�Ó���Ù|×UÍ�Ó��YÍ�Ó-Ð
ìWº,�a¿�»Çá�»�ã4¿ÄÀ�¿qÂ ONã4¿�ÅKáVÈDÀ�É7á�»�ã4¿¹�4ã.¿^ÖAº�¸qåËà?¿�¿^ÓK¿.áVº<È(��à?¼�¼�ºT¿]¸�ð¬ÊyÍ�ßUÍ�× ßUÝëÙ°Í�ÓPÈ�ÓËÓûÌUÍY�Ë×UÍ�ò

%´ØnÍ�ÓûÌ¿Êyß¿Ì¿ÊyßUà@ÖnÍf�fÓnß@È�ÌB�E�!Í�ß¿Ì¿Ê�íJí ÌQæCÈ�ÖË×Uß@àUÖnÍ�Ê�ÓËÎ�ÊyàUÖËè°Í�Ê�ÌUÍ�Ó
P (µ ∈ [µ1, µ2]) = αßUÝ7ânÈÞßUßEâaÊyÍ1æCÈ�ÖË×UßUà@ÖnÍ�Ê�ÓËÎ�ÊyàUÖËè°Í�Ê�ÌVPhânÈÞßUß�âËÍ�×�çøÈ�ÖË×UÍ�c�ÈD�!Í�×�ØËÓ<�!Í�èÞÈ�ÓËÓ´ÌUÍ�døæ�Í�×¿ÌQâËÍ�ßw!�È�×@È�í&Í�ÌUÍ�×Uß

µ
íJÊ�ÌÍ�Ê�ÓnÍ�×QæCÈ�ÖË×UßUà@ÖnÍ�Ê�ÓËÎ�ÊyàUÖËè°Í�Ê�Ì

α
Ê�í©�¢Ó´ÌUÍ�×¿ýÞÈ�Î�Î

[µ1, µ2]
Î�ÊyÍ�Ù|Ì Ø Ð

#NØË×$÷øÍ�ßUÌ¿Ê�íJí ØËÓËÙ�âaÊyÍ�ßUÍ�×�Ç ÝÞÓ��PâËÍ�Ó���Ê�Ó´ÌUÍ�×¿ýÞÈ�Î�ÎyÍfÝ´âËÍ�×rò�Ù|×UÍ�Ó��YÍ�Ó¯�hÍ�Ó´ØËÌB��Ì�í�È�ÓI��ØËÓ0�Þà@Önß¿Ì�Í�Ê�ÓnÍøñ Ê�Î�Ô�ßóòè°ÝÞÓnß¿Ì¿×¿ØËèMÌ¿ÊyÝÞÓ*Ê�Ó*âËÍ�×Jí�È�ÓZ� è9�YÍ�ÉËÌ@È�Ó���Ê�ÓûÌUÍ�×¿ý|È�Î�ÎyÍ³Ô§ÕË×>ý°Í�×Uß@àUÖËÊyÍ�âËÍ�ÓnÍA�fÓËÓPÈ�ÖËí&Í�Ó_ý°ÝÞÓ
µ
Í�×UßUÌUÍ�Î�Î�ÌVP$ßUÝânÈÞßUßVg

c�ãMÐ�Ï|Ð�Ï�d
P (x ∈ [x1, x2]|µ) = αð�ÈJâaÊyÍ�ßUÍ�÷EÍ�âaÊ�ÓËÙ|ØËÓËÙ�ÓnÝMàUÖëÓËÊyà@ÖûÌ	��ØëÍ�Ê�ÓnâËÍ�ØËÌ¿Ê�Ù°Í�Óm��ÓûÌUÍ�×¿ý|È�Î�ÎyÍ�ÓëÔ§ÕË×

x
ÔjÕËÖË×¿ÌVP?�hÍ�Ó?OÞÌ¿Ê�Ù|ÌQí�È�Ó3ÓnÝ´à@ÖÍ�Ê�ÓnÍ�çøÍ�Ê�ÌUÍ�×UÍ¸Í�Ê�Ónß@àUÖË×���ÓËè°Í�ÓnâËÍ7÷EÍ�âaÊ�ÓËÙ|ØËÓËÙnÐ4Ì	�ËÎ�ÊyàUÖnÍ�×¿çøÍ�ÊyßUÍ>çv��ÖËÎ�Ì¬í�È�Ó���ØË×f÷EÍ�×UÍ�à@ÖËÓûØËÓËÙ³ý°ÝÞÓåÇfÝÞÓ��ËòâËÍ�Ó���Ê�ÓûÌUÍ�×¿ý|È�Î�ÎyÍ�Ó

c�ãMÐ�Ï|Ð�Ûld
P (x < x1|µ) = P (x > x2|µ) = (1 − α)/2

Ø �Ç�D���p�i�/.é�"�;���x�v�t���]� � � � )(C.�D�t�+0T)V�.�i�t���i��Z<� � ���F���o������5 � �;�x�����D�i�t�+'t�t���+4 �i���
P

�i�t�D�w�~)D��� � $��{� � �3�;�p���a� � ���K��Zl�;���Q � �x�i�D� � �30
x

0T){�p�y.�� � ���K�x�i��)D�K�x���4�����7�q�D� � �D�w�.�;�i�91 � � � �w���x�����.�����x�i�
µ

)D�D���;�o���K�Æ�D�p���4�;�t�65 � �;�x�����D�i�t�('o�t���+4 ���t�x�«7
� �����x���*'�);�+${���i�}� � �;�x�i�@1 � � � �w���x�����7�����x�i�

µt
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ßUÝ�ânÈÞßUßWâaÊyÍ$æCÈ�ÖË×UßUàUÖnÍ�Ê�ÓËÎ�Êyà@ÖËè°Í�Ê�ÌVP

x
Ý"�hÍ�×¿ÖPÈ�Î��f����ç�Ð�ØËÓûÌUÍ�×¿ÖPÈ�Î��>âËÍ�ßQ� è9�YÍ�ÉËÌ@È�Ó���Ê�ÓûÌUÍ�×¿ý|È�Î�Îyß���ØE�nÓnâËÍ�ÓÙ|ÎyÍ�Êyà@Ö3Êyß¿ÌYÐ�ªfí á¬×UÍ�Ó��YÍ�ÓA��ØA�!Í�ß¿Ì¿Ê�íJí&Í�Óëç�Ê�×Uâ

c�ãMÐ�Ï|Ð�ïld
P (x < x1|µ) = 1 − αÙ°Í�ç{��ÖËÎ�ÌYÐ

ªfíÒÈ�Ønß âaÊyÍ�ßUÍ�íäÇfÝÞÓ��PâËÍ�Ó��K�PÈ�ÓnâCÓ´ØËÓ È�ØaÔ§Ù|×¿ØËÓnâ�Í�Ê�ÓnÍ�ß�Í��aÉhÍ�×¿Ê�í&Í�Ó´ÌUÍ�Î�Î]�!Í�ß¿Ì¿Ê�íJí ÌUÍ�Ó ôåÍ�ßUßUç8Í�×¿ÌUßÍ�Ê�ÓëÇfÝÞÓ��PâËÍ�Ó���Ê�ÓûÌUÍ�×¿ý|È�Î�Î���ØW�!Í�ß¿Ì¿Ê�íJí&Í�ÓQPnßUà@ÖËÎ�ÊyÍ y|Ì�í�È�ÓëÊ�ÓëânÈÞß�Ç ÝÞÓ��PâËÍ�Ó���Ê�Ó´ÌUÍ�×¿ýÞÈ�Î�Î$È�Î�ÎyÍ�æ�Í�×¿ÌUÍ1ý°ÝÞÓ
µÍ�Ê�ÓQPnâËÍ�×UÍ�Óm� è9�YÍ�ÉËÌ@È�Ó���Ê�ÓûÌUÍ�×¿ý|È�Î�Î

x
Í�Ê�Ónß@àUÖËÎ�ÊyÍ y|ÌYÐ

µY¿.ÆbºT¿�ÂzÀ�¿�Ê à?Àqâ ®	ã.»ÇÅ�ÅVã4¿#�.º<È;áVºT»�¼�À�¿�Ê0º9¿�À�¿�Â �°º<È�´q½DÉ}Å�»�½"¾.á�»ÇÊ.À�¿�Ê �4ã.¿ òA¿.áVº<ÈDÊ0È"À�¿qÂ�¸æ�Í�ÓËÓQP�ç�ÊyÍ�Ê�Ó*âaÊyÍ�ßUÍ�×¯� ÓPÈ�Î�SaßUÍpP�âaÊyÍ�ô�Í�ßUß¿ØËÓËÙ�ÓûØË×JÙûÈ�Ó��K��È�ÖËÎ�Ê�Ù°Í�Ñ�×¿Ù°Í �ËÓËÊyßUßUÍY��ØËÎ>�ÞßUß¿ÌVP�Í�×¿Ù°Í �!Í�ÓdßUÊyàUÖ
�!Í�Ê8âËÍ�×>Ñ$×Uß¿ÌUÍ�Î�Î�ØËÓËÙ�ý°ÝÞÓ ÇfÝÞÓ��PâËÍ�Ó���Ê�ÓûÌUÍ�×¿ý|È�Î�ÎyÍ�Ó_Í�Ê�ÓËÊ�Ù°Í�çøÍ�Ê�ÌUÍ�×UÍ�ÇfÝÞíJÉËÎ�Ê�èÞÈ�Ì¿ÊyÝÞÓnÍ�Ó-ÐF#NØËÓ0�Þà@Önß¿Ì7Êyß¿Ì âaÊyÍæCÈ�ÖË×UßUà@ÖnÍ�Ê�ÓËÎ�ÊyàUÖËè°Í�Ê�Ì

n
Ñ$×UÍ�Ê�Ù|ÓËÊyßUßUÍf��ØW�hÍ�Ý"�PÈÞà@ÖûÌUÍ�Ó âaØË×UàUÖ3Í�Ê�ÓnÍ�!�ÝÞÊyßUßUÝÞÓaÔ§ØËÓËèMÌ¿ÊyÝÞÓ3Ù°Í�Ù°Í �!Í�ÓQg

P (n|µ) = µn · e
−µ

n!ð¬ÊyÍ¬á¬ÎyÍ�Êyà@ÖûØËÓËÙ°Í�Ó�Ô§ÕË×�âaÊyÍ ÇfÝÞÓ��PâËÍ�Ó���Ê�ÓûÌUÍ�×¿ý|È�Î�ÎyÍ ãMÐ�Ï|Ð�Ï��ËÊyßøãMÐ�Ï|Ð�ï�Î\ÈÞßUßUÍ�Ó�ß¿ÊyàUÖ�ÔjÕË×�âËÍ�Ó�ÙûÈ�Ó��K��È�ÖËÎ�Ê�Ù°Í�Ó
�PÈ�Î�ÎWÓËÊyàUÖûÌfí&Í�ÖË× Í��nÈ�è´ÌQÍ�×óÔ§ÕËÎ�ÎyÍ�Ó-Ðnô È�Óëí&Ý´âaÊ�?��ÊyÍ�×¿Ìfß¿ÊyÍ�ânÈ�ÖËÊ�ÓËÙ°Í�ÖnÍ�Ónâ}PNânÈÞß@ß

P (µ ∈ [µ1, µ2]) ≥ α

P (n ∈ [n1, n2]|µ) ≥ α

P (n < n1|µ) ≤ 1 − α

. . .�nÝÞÎ�Ù|Î�Êyà@ÖëßUàUÖËÎ�ÊyÍ y°Í�Ó�âaÊyÍ¬ßUÝ�Ù°Í�çøÝÞÓËÓnÍ�ÓnÍ�ÓA�¢Ó´ÌUÍ�×¿ýÞÈ�Î�ÎyÍ¬âaÊyÍ ØË×UßUÉË×¿ÕËÓËÙ|Î�ÊyàUÖ�Ù°Í�Ô�ÝÞ×UâËÍ�×¿ÌUÍ�Ó³Ñ�Ê�Ù°Í�ÓnßUàUÖPÈ�Ô§ÌUÍ�Óß¿Êyà@ÖnÍ�×�Í�Ê�ÓQPPÕ��!Í�×¿Ì¿×UÍ�F!Í�Ó âaÊyÍ�ßUÍ¸Ê�í ØËÓËÙ|ÕËÓnßUÌ¿Ê�Ù°ß¿ÌUÍ�ÓR�PÈ�Î�Î$Í�×¿ÖnÍ �ËÎ�ÊyàUÖ[cÇ^�Ì	�hÍ�×@ÈD�!âËÍ�àUèMØËÓËÙ"`�d�Ð-á1Í�ÎyÍ�Ù°Í�ÓûÌ¿Î�Êyà@Öç�Ê�×UâZÌ	�!Í�×@ÈD�hâËÍ�à@è´ØËÓËÙU��çøÈ�×�È�Îyß�ç�ÕËÓnßUàUÖnÍ�ÓnßUç8Í�×¿Ì�Í�íJÉaÔjØËÓnâËÍ�ÓÄcjçøÈÞß�Ê�í á1Í�Ù°Í�Ónß@È�ÌB�åý°ÝÞÓ[ª Ó´ÌUÍ�×@ÈD�aòâËÍ�à@è´ØËÓËÙ ß¿ÊyàUÖnÍ�×>×¿ÊyàUÖ´Ì¿Ê�Ù Êyß¿Ìéd¬ØËÓnâdÈ�Îyß è°ÝÞÓnßUÍ�×¿ý|È�Ì¿Ê�ý°Í�×°� Ónß@È�ÌB�C�hÍ�Ù|×¿Õ�y|ÌVP0
óÍ�âËÝMàUÖ�Êyß¿Ì ÖnÍ�×@È�Ønß&��Ønß¿ÌUÍ�Î�ÎyÍ�ÓQPânÈÞßUß�è°ÝÞÓnßUÍ�×¿ýÞÈ�Ì¿Ê�ý°Í�×UÍ�á¬×UÍ�Ó��YÍ�Ó�ÉË×¿Ê�Ó���Ê�ÉËÊyÍ�Î�Î�âaØË×Uà@Ö�âaÊyÍJÑ$×¿Ö?OÞÖ´ØËÓËÙ3ý°ÝÞÓ
α
Í�×B��ÊyÍ�Î�Ì�ç8Í�×UâËÍ�Ó ßUÝÞÎ�Î�ÌUÍ�ÓQP-ânÈânÈÞâaØË×Uà@ÖåâaÊyÍ�Ñ$Ê�Ù°Í�Ónß@àUÖPÈ�Ô§ÌUÍ�ÓåâËÍ�×¬á¬×UÍ�Ó��YÍ�Óm%ûØPÈ�Ó´Ì¿Ê�?��ÊyÍ�×B�PÈ�× Ù°Í�ÖPÈ�Î�ÌUÍ�Ó3çøÍ�×UâËÍ�Ó-Ð÷EÍ�Êq�fÓPÈ�Î�SMßUÍ�Ó�ç�ÊyÍ�âaÊyÍ�ß@Í�×Qí ØnßUßQç8Í�Ê�ÌUÍ�×¿ÖËÊ�Ó��!Í�×¿ÕnàUèaß¿Êyà@ÖûÌ¿Ê�Ù|Ì çøÍ�×UâËÍ�ÓQPPânÈÞßUßQÓËÊyàUÖûÌ1È�Î�ÎyÍ1ý°ÝÞÓ3âËÍ�×fìMÍ�òÎyÍ�èMÌ¿ÊyÝÞÓ¸Í�×óÔ�ÈÞßUß¿ÌUÍ�Ó>Ñ$×UÍ�Ê�Ù|ÓËÊyßUßUÍøÈ�ØnßrâËÍ�í Ù°Í�ß¿ØnàUÖ´ÌUÍ�Ó°!�×UÝ"�YÍ�ßUßrßUÌ@È�íJí&Í�ÓQP�ßUÝÞÓnâËÍ�×¿Ó7È�ØnàUÖ°ª Ó´ÌUÍ�×¿Ù|×¿ØËÓnâaÉË×UÝ�ò

�YÍ�ßUß@Ír�hÍ�Ê�Ì¿×@È�Ù°Í�Ó-Ðnð¬ÊyÍb#!È�ÖËÎrâËÍ�×eª Ó´ÌUÍ�×¿Ù|×¿ØËÓnâËÍ�×UÍ�Ê�Ù|ÓËÊyßUßUÍ Êyß¿ÌQÓnÝÞ×¿í�È�ÎyÍ�×¿ç8Í�Êyß@Í Í �!Í�ÓaÔ�È�Î�Îyß�É!ÝÞÊyßUßUÝÞÓ´ý°Í�×¿ÌUÍ�Ê�Î�ÌíJÊ�Ì Í�Ê�ÓnÍ�í ô3Ê�Ì¿ÌUÍ�Î�çøÍ�×¿Ì
b
ÐËðfÊyÍ1æCÈ�ÖË×Uß@àUÖnÍ�Ê�ÓËÎ�ÊyàUÖËè°Í�Ê�ÌUßUý°Í�×¿ÌUÍ�Ê�Î�ØËÓËÙëç�Ê�×UâëânÈ�ÓËÓA��Ø

P (n|µ, b) = (µ+ b)n · e
−(µ+b)

n!Í�×¿çøÍ�Ê�ÌUÍ�×¿ÌYÐ
��Ó³âaÊyÍ�ß@Í�í ìT�YÍ�ÓPÈ�×¿ÊyÝJèÞÈ�ÓËÓ�Í�Ê�Ó�çøÍ�Ê�ÌUÍ�×UÍ�ß�!$×UÝ"�ËÎyÍ�í È�ØaÔ§Ì¿×UÍ�ÌUÍ�ÓQPËÓ0��íJÎ�ÊyàUÖåânÈÞßUß�âaÊyÍ¬Ù°Í�í&Í�ßUßUÍ�ÓnÍf#!È�ÖËÎý°ÝÞÓ Ñ$×UÍ�Ê�Ù|ÓËÊyßUßUÍ�Ó�ØËÓûÌUÍ�×1âËÍ�×�È�Î�ÎyÍ�Ê�Ó È�Ønß$ª Ó´ÌUÍ�×¿Ù|×¿ØËÓnâ Í�×¿çøÈ�×¿ÌUÍ�ÌUÍ�Ó Î�ÊyÍ�Ù|ÌYÐNð�È�ÓËÓ�Î�ÊyÍ�Ù|ÌfâËÍ�×�#hÍ�ÓûÌ¿×@È�Î�çøÍ�×¿ÌâËÍ�ßøÇ ÝÞÓ��PâËÍ�Ó���Ê�Ó´ÌUÍ�×¿ýÞÈ�Î�Îyß�Ê�Ó�Í�Ê�ÓnÍ�í;ØËÓËÉËÖTSMß¿Ê�è|È�Î�ÊyßUà@ÖnÍ�Ó³÷EÍ�×UÍ�Êyà@ÖÎc

µ < 0
Êyß¿Ì�Ý+F[Í�Ónß¿ÊyàUÖ´Ì¿Î�ÊyàUÖ�ÓËÊyàUÖ´Ì���ØËÎ>�Þß¿òß¿Ê�ÙTd�ÐD��Ó¸âaÊyÍ�ßUÍ�íÄ�PÈ�Î�ÎaèlOÞÓËÓnÍ�Ó7Ê�íJí&Í�×rÓnÝMàUÖ�á¬×UÍ�Ó��YÍ�Ó7Í�×¿×UÍ�àUÖËÓnÍ�Ì$çøÍ�×UâËÍ�ÓQP�íJÊ�Ìa�fØnß¿ÓPÈ�ÖËí&ÍøâËÍ�×�ô�Í�ßUß¿ØËÓËÙý°ÝÞÓ��fØËÎ�Î-Ñ$×UÍ�Ê�Ù|ÓËÊyßUß@Í�ÓQPËçøÈÞße��Ø3Í�Ê�ÓnÍ�íüÎyÍ�Í�×UÍ�Ó3ÇfÝÞÓ��PâËÍ�Ó���Ê�ÓûÌUÍ�×¿ý|È�Î�ÎrÔ§ÕËÖË×¿ÌYÐ

�fÓ�âaÊyÍ�ßUÍ�×�ì´ÌUÍ�Î�ÎyÍ7ßUÝÞÎ�Î�ÌUÍ7È�ØnàUÖ�È�ØaÔ8Í�Ê�ÓnÍ¸ç8Í�Ê�ÌUÍ�×UÍ¯!$×UÝ"�ËÎyÍ�í�È�Ì¿Ê�èåÖËÊ�ÓËÙ°Í�ç�ÊyÍ�ßUÍ�Ó ç8Í�×UâËÍ�Ó-Ð}�PÈ�Î�Îyß¬ÓËÊyàUÖ´Ì
�!Í�×UÍ�Ê�ÌUß ý°ÝÞ×7âËÍ�×7ôåÍ�ßUßUØËÓËÙ�Í�Ó´ÌUßUàUÖËÊyÍ�âËÍ�Ódç�Ê�×Uâ}P�Ý"� âaÊyÍ�ð�È�ÌUÍ�Ó±��ØË×>÷EÍ�×UÍ�àUÖËÓûØËÓËÙ�Í�Ê�ÓnÍ�ß¸ÇfÝÞÓ��PâËÍ�Ó���Ê�ÓaòÌUÍ�×¿ý|È�Î�Îyß�Ý´âËÍ�×1Í�Ê�ÓnÍ�×�Ý"�!Í�×UÍ�Ó�á1×UÍ�Ó��YÍb�!Í�ÓûØËÌB��Ì�çøÍ�×UâËÍ�ÓQP!èÞÈ�ÓËÓ�âaÊyÍ7Ñ$Ó´ÌUßUàUÖnÍ�ÊyâaØËÓËÙåÈ�ÓËÖPÈ�Ónâ�âËÍ�×�ð�È�ÌUÍ�Ó
��Ø³Í�Ê�ÓnÍ�×øÍ�×¿ÖnÍ �ËÎ�Êyà@ÖnÍ�ÓW'�Í�×B�YÍ�×¿×¿ØËÓËÙ&âËÍ�ß8Ñ�×¿Ù°Í �ËÓËÊyßUßUÍ�ßøÔ§ÕËÖË×UÍ�ÓN�ËÊyßøÖËÊ�ÓY��Ø�Í�Ê�ÓnÍ�×Eß¿Ê�Ù|ÓËÊ�nè|È�ÓûÌUÍ�ÓWª Ó´ÌUÍ�×@ÈD�aòâËÍ�à@è´ØËÓËÙ�âËÍ�×fÇ ÝÞÓ��PâËÍ�Ó��K�0��ÓnâËÍ�×YÐ
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Ôfã4À�Å�»�¿qÅ�À�¿�Â�³}º9¼ÇÂzåËà?¿nó¯È;Âz¿}À�¿qÊ4Å���È"»�¿~æT»>��¸$#NØË×v� Í�âaØËèMÌ¿ÊyÝÞÓ�âËÍ�×�Ì	�hÍ�×@ÈD�!âËÍ�àUèMØËÓËÙ ØËÓnâC��ØË×

�QO|ß¿ØËÓËÙ*âËÍ�ß³Ñ$Ó´ÌUßUàUÖnÍ�ÊyâaØËÓËÙ°ß¿ÉË×UÝ"�ËÎyÍ�í&ßåç�ØË×UâËÍ�ý°ÝÞÓu�øÝÞØnßUÊ�Ónß³ØËÓnâÁ�nÍ�Îyâaí�È�Ó Í�Ê�ÓlÓnÍ�ØnÍ�ß��f×UâaÓûØËÓËÙ°ß¿òÉË×¿Ê�Ó���Ê�É*ý°ÝÞ×¿Ù°Í�ßUà@ÖËÎ\È�Ù°Í�ÓQP�ânÈÞßJÊ�Ó*âËÍ�×&Ç ÝÞÓnßUÌ¿×¿ØËè´Ì¿ÊyÝÞÓ~ý°ÝÞÓZ�fÍ SMí�È�ÓËÓZ�¢Ó´ÌUÍ�×¿ýÞÈ�Î�ÎyÍ�Ó*Ê�ÓËÖ0��×UÍ�Ó´ÌC�!Í�Ó?OÞÌ¿Ê�Ù|Ìç�Ê�×Uâ�ØËÓnâ�âaÊyÍfý°ÝÞÓ�á1ÎyÍ�ÊyàUÖûØËÓËÙ�ãMÐ�Ï|Ð�Û ØËÓnâ�ãMÐ�Ï|Ð�ïYc�����ç�ÐMâËÍ�×v��ØËÙ°Í�Ö?OÞ×¿Ê�Ù°Í�ÓAª ÓËÙ|ÎyÍ�Êyà@ÖûØËÓËÙ°Í�Ó4døÍ�Ê�ÓËÙ°Í�Ô§ÕËÖË×¿ÌUÍ
�f×UâaÓûØËÓËÙ�Í�×UßUÍ�ÌB��ÌYÐð�ÈÞß$ÓnÍ�ØnÍe�f×UâaÓûØËÓËÙ°ß¿ÉË×¿Ê�Ó���Ê�ÉY�!Í�×¿ØËÖûÌ8È�ØaÔ!æCÈ�ÖË×UßUàUÖnÍ�Ê�ÓËÎ�Êyà@ÖËè°Í�Ê�ÌUß¿ý°Í�×¿Ö0��Î�Ì¿ÓËÊyßUßUÍ�Ó-Ð���í �PÈ�Î�ÎyÍ�ý°ÝÞÓJÉ!ÝÞÊyßóòßUÝÞÓ´ý°Í�×¿ÌUÍ�Ê�Î�ÌUÍ�Ó�á¬×&O"y°Í�Óm�hÍ�×UÍ�à@ÖËÓnÍ�Ì í�È�ÓåÓËÊyàUÖûÌ¬ÓûØË×
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∫ ∞
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ð¬ÊyÍ³ßUÍ�ÎyÍ�è´Ì¿ÊyÍ�×¿ÌUÍ�Ó*ð�È�ÌUÍ�Ó*ß¿Ì@È�íJí&Í�Ó ò¬ç�ÊyÍN�!Í�×UÍ�Ê�ÌUßJâaÊyß¿è´ØËÌ¿ÊyÍ�×¿Ì¸òr��ØdÍ�Ê�ÓnÍ�í Ù|×UÝ"y°Í�Ó*ÜWÍ�Ê�ÎQÈ�Ønß7âËÍ�×æ
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ò�!$×UÝMâaØËèMÌ¿ÊyÝÞÓ-Ð´ð�È�íJÊ�ÌEß¿Ê�Ónâ�ß¿ÊyÍQÙ°Í�Í�Ê�Ù|ÓnÍ�ÌVPMÍ�Ê�ÓnÍfôåÍ�ß@ß¿ØËÓËÙ¸âËÍ�ß�!$×UÝ´âaØËèMÌ¿ÊyÝÞÓnß¿ç�Ê�×¿èMØËÓËÙ°ß&%´ØnÍ�×UßUàUÖËÓËÊ�Ì¿ÌUßâaÊyÍ�ßUÍ�ß�!$×UÝ"�YÍ�ßUßUÍ�ß���Ø Í�×¿í�OÞÙ|Î�Êyà@ÖnÍ�Ó-ÐD�fÎ�ÎyÍ�×UâaÊ�ÓËÙ°ß�ß¿ÌUÍ�ÖnÍ�Ó¸ânÈ�Ô§ÕË×WÊ�Ó âËÍ�×rý°ÝÞ×¿Î�ÊyÍ�Ù°Í�ÓnâËÍ�Ó>ð�È�ÌUÍ�ÓnßUÍ�ÎyÍ�èMÌ¿ÊyÝÞÓ>ÓûØË×ßUÍ�à@Önß$Ñ$×UÍ�Ê�Ù|ÓËÊyßUßUÍv��ØË×z'�Í�×óÔ§ÕËÙ|ØËÓËÙ?PÞÊ�Ó7âËÍ�ÓnÍ�ÓJí�È�Ó7Ê�í ôåÊ�Ì¿ÌUÍ�ÎËïaÐ�Ï{ªfÓûÌUÍ�×¿Ù|×¿ØËÓnâËÍ�×UÍ�Ê�Ù|ÓËÊyßUß@ÍQÍ�×¿çøÈ�×¿ÌUÍ�ÌYÐ°ð¬ÊyÍô�Í�ßUß¿ØËÓËÙJç�Ê�×Uâ3È�Îyß@ÝJÍ�Ê�ÓnÍ�Ó3ßUÍ�ÖË×QÙ|×UÝ"y°Í�Ó3ßUÌ@È�Ì¿Êyß¿Ì¿ÊyßUàUÖnÍ�Óm�nÍ�ÖËÎyÍ�× ÖPÈD�!Í�Ó�ØËÓnâëÍ�Ê�ÓnÍ�Ù°Í�×¿Ê�ÓËÙ°Í¸ì´Ê�Ù|ÓËÊ�nè|È�Ó��°Ð



Ö × Ö £ *,+020698Æ�9806T2p/<20*>Ù7+\Ú7698�698?§76�â�+4*>3 3�6
ð1Í�×$#hÍ�ÓûÌ¿×@È�Î�çøÍ�×¿Ì¬âËÍ�ß�ælÊ�×¿èMØËÓËÙ°ß&%ûØnÍ�×Uß@àUÖËÓËÊ�Ì¿ÌUß

σ
ÊyßUÌw��ØËÓ0�ÞàUÖnß¿ÌQÙ°Í�Ù°Í �!Í�Ó3âaØË×Uà@Ö

σ =
< n >

L · ε ,ç8Ý"�!Í�Ê
< n >

Í�Ê�Ó ìMàUÖ0��ÌB�YÍ�×&ÔjÕË×JâaÊyÍ³Ñ$×UÍ�Ê�Ù|ÓËÊyßB��È�ÖËÎ�Êyß¿ÌVP L âaÊyÍ�Ê�Ó´ÌUÍ�Ù|×¿ÊyÍ�×¿ÌUÍA�[ØËíJÊ�ÓnÝ|ß¿Ê�Ì���ÌJØËÓnâ
ε
âaÊyÍìMÍ�ÎyÍ�èMÌ¿ÊyÝÞÓnßUÍ�����ÊyÍ�Ó���Ô§ÕË×QânÈÞßfì´Ê�Ù|ÓPÈ�Î�Ð

� ØnßUÙ°Í�ÖnÍ�Ónâ*ý°ÝÞÓ_âËÍ�Ó ß¿Ê�í¸ØËÎ�ÊyÍ�×¿ÌUÍ�Ó~Ñ$×UÍ�Ê�Ù|ÓËÊyßUß@Í�Ó Í�×¿Ù|Ê��ËÌ�ß¿Êyà@Ö���ØËÓ0�ÞàUÖnß¿Ì�Í�Ê�ÓnÍåìMÍ�ÎyÍ�è´Ì¿ÊyÝÞÓnß@Í�����ÊyÍ�Ó��ý°ÝÞÓ
ε = 0.48%

È�Ønß&Ü�ÈD�hÍ�Î�ÎyÍ�þaÐ önÐa� Î�ÎyÍ�×UâaÊ�ÓËÙ°ß�Êyß¿Ì�È�Ó âaÊyÍ�ßUÍ�×�ì´ÌUÍ�Î�ÎyÍW��Ø[�hÍ�×¿Õnà@èMß¿Êyà@ÖûÌ¿Ê�Ù°Í�ÓQP8ânÈÞßUß&âaÊyÍì´Ê�í ØËÎ\È�Ì¿ÊyÝÞÓdÔ§ÕË×¸âaÊyÍ�ß@Í�Ó±!$×UÝ"�YÍ�ß@ß¸ÓËÊyà@ÖûÌ&âËÍ�Ó Ù°Í�ß@È�í ÌUÍ�ÓdælÊ�×¿è´ØËÓËÙ°ß�%ûØnÍ�×UßUà@ÖËÓËÊ�Ì¿ÌJânÈ�×Uß¿ÌUÍ�Î�Î�ÌVP�ânÈA�!Í�×UÍ�Ê�ÌUßÈ�ØaÔ]!�È�×¿ÌUÝÞÓaò�� Ê�ý°ÍYÈ�Ø�ìMà@ÖËÓËÊ�Ì¿ÌUÍ&È�ÓËÙ°Í �Ë×@ÈÞàUÖûÌ�çøÝÞ×UâËÍ�Ó�ß¿Ê�Ónâ[ÐNð1ÝÞ×¿Ì¬í ÕnßUß@Í�Ó�âaÊyÍI!�È�×¿ÌUÝÞÓnÍ�Ó�Í�Ê�ÓnÍ�Ó�ÜW×@È�Ónßóòý°Í�×Uß@È�Î�Ê�íJÉËØËÎyß�ý°ÝÞÓ íJÊ�ÓnâËÍ�ß¿ÌUÍ�Ónß¸î³á�Íx' È�ØaÔjçøÍ�ÊyßUÍ�Ó�ØËÓnâ Ê�í ÷øÍ�×UÍ�Êyà@Ö�ý°ÝÞÓ |η| < 3
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�fØnßUß@È�Ù°Í�Ó7Õ��hÍ�×$âËÍ�Ó&ß¿Ê�í¸ØËÎ�ÊyÍ�×¿ÌUÍ�Ó�ÜWÍ�Ê�ÎnâËÍ�×$æ
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< n >= Nselektiert −NUntergrund = 6 − 3.1 = 2.9ô�È�ÓëÍ�×¿Ö0��Î�Ì¬ânÈ�íJÊ�Ì
σ K

bb→eνebb = 2.4
É��

Ô§ÕË×øâËÍ�ÓX!$×UÝMâaØËè´Ì¿ÊyÝÞÓnß¿ç�Ê�×¿èMØËÓËÙ°ß&%´ØnÍ�×UßUàUÖËÓËÊ�Ì¿Ì Ê�í�#hÍ�×óÔ�È�Î�Î!ÓPÈÞàUÖ�Ñ$ÎyÍ�èMÌ¿×UÝÞÓ³ØËÓnâY�¬Í�ØËÌ¿×¿Ê�ÓnÝ>íJÊ�Ì�âËÍ�Ó�Ý"�!Í�ÓÈ�ØaÔ§Ù°Í�ÔjÕËÖË×¿ÌUÍ�Ó�Ñ$Ê�ÓnßUàUÖË×���ÓËèMØËÓËÙ°Í�ÓëÈ�ØaÔQ!�È�×¿ÌUÝÞÓaò��fÊ�ý°ÍYÈ�Ø-Ða÷øÍ�×¿Õnà@èMßUÊyàUÖûÌ¿Ê�Ù|ÌEí�È�ÓN��Ønß���ÌB��Î�ÊyàUÖ³ânÈÞßF'�Í�×B��çøÍ�Ê�òÙ|ØËÓËÙ°ß¿ý°Í�×¿Ö0��Î�Ì¿ÓËÊyß¬÷{�bcjæ → eνe
d� 1úaÐ�ÏYú|î�PNÍ�×¿Ö0��Î�ÌQí�È�Ó

σ K
bb = 21.8

É��
.
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• âaÊyÍ¸ìMÍ�ÎyÍ�èMÌ¿ÊyÝÞÓnßUÍ�����ÊyÍ�Ó���Ô§ÕË×QânÈÞß¬ì´Ê�Ù|ÓPÈ�Î
• âaÊyÍ��[ØËíJÊ�ÓnÝ|ßUÊ�Ì���Ì íJÊ�Ìe�nÍ�ÖËÎyÍ�×YÐ

ð¬ÊyÍ�ßUÍC��ÓaÔ�ÝÞ×¿í�È�Ì¿ÊyÝÞÓnÍ�Ó ß¿ÌUÍ�ÖnÍ�ÓdÈ�Î�ÎyÍ���ØË×b'�Í�×óÔjÕËÙ|ØËÓËÙ�ØËÓnâCçøÍ�×UâËÍ�Ó�Ê�Ó âaÊyÍC�[Ê�è°Í�Î�Ê�ÖnÝMÝMâMò��ËØËÓËè´Ì¿ÊyÝÞÓdÊ�Ó´ÌUÍ�òÙ|×¿ÊyÍ�×¿ÌYÐ
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	 tNthZÇÒ´kW]-TWu�M.Ô,Ó.ÔQÇ ÝÞÓ��PâËÍ�Ó��K�PÈ�Ónâ¸ÔjÕË×-âaÊyÍ�æ
bb
ò�ìMÍ�ÎyÍ�èMÌ¿ÊyÝÞÓ�Ô§ÕË×-Í�Ê�Ó ÇfÝÞÓ��PâËÍ�Ó���ÓËÊ�ý°ÍYÈ�Øý°ÝÞÓåþ|îl�Ð

ð�ÈÞß ÇfÝÞÓ��PâËÍ�Ó��K�PÈ�ÓnâdÊyß¿Ì�Ê�Ó|�	���ËÊ�ÎyâaØËÓËÙ ãMÐ�Û3ânÈ�×¿Ù°Í�ß¿ÌUÍ�Î�Î�ÌYÐrð�ÈÞß¸Ç ÝÞÓ��PâËÍ�Ó���ÓËÊ�ý°ÍYÈ�Ødý°ÝÞÓ þ|îläÍ�ÓûÌóòß¿ÉË×¿Êyà@ÖûÌ��!Í�Ê8á�È�Ø�y0( ßUà@ÖnÍ�Ó|�nÍ�ÖËÎyÍ�×¿ÓCÍ�Ê�ÓnÍ�í(Ï
σ
ò���ÓûÌUÍ�×¿ý|È�Î�Î�Ð-ô È�Ó�Í�×¿Ö0��Î�Ì ßUÝ³Í�Ê�Ó�Ç ÝÞÓ��PâËÍ�Ó���Ê�Ó´ÌUÍ�×¿ýÞÈ�Î�Îøý°ÝÞÓ

h�úaÐ�Û21|önÐ�Ï�knØËÓnâ�ânÈ�íJÊ�Ì
σ K

bb→eνe
= 2.4+1.7

−2.2(syst+stat)
É�������ç�Ð

σ K
bb = 21.8+15.5

−20.0

É��-Ð|ðfÊyÍ�ß@Í��nÍ�ÖËÎyÍ�×ß¿Ê�Ónâ³ý°ÝÞÎ�ÎyßUÌ���ÓnâaÊ�Ù�ý°ÝÞÓ3âËÍ�×�Ù°Í�×¿Ê�ÓËÙ°Í�Ó�ì´Ì@È�Ì¿Êyß¿Ì¿Ê�è�âËÝÞíJÊ�ÓËÊyÍ�×¿ÌYÐÑ$Ê�ÓnÍ¸ßBSMßUÌUÍ�í�È�Ì¿ÊyßUàUÖnÍ�ªfÓnß¿Êyà@ÖnÍ�×¿ÖnÍ�Ê�ÌVPPâaÊyÍ1ÓËÊyàUÖ´Ì ÙûÈ�Ó�� Í�Ê�ÓaÔ�ÈÞàUÖåÊ�ÓëâaÊyÍ�÷EÍ�×UÍ�àUÖËÓ´ØËÓËÙ�âËÍ�× ÇfÝÞÓ��PâËÍ�Ó���ò
�0��ÓnâËÍ�×fÊ�ÓûÌUÍ�Ù|×¿ÊyÍ�×¿Ì1ç8Í�×UâËÍ�Ó�èÞÈ�ÓËÓQPnÊyß¿Ì âËÍ�×	�PÍ�ÖËÎyÍ�×1È�ØnßfâËÍ�×	�°Í�Ìóò¢Ñ$ÓnÍ�×¿Ù|ÊyÍ�ò�ì´è|È�Î\ÈaÐ!ð1Í�ßUßUÍ�Ó3Ñ&F[Í�èMÌ ç�ØË×UâËÍâaØË×Uà@ÖåÍ��aÉËÎ�Ê���Ê�ÌUÍE'�È�×¿Ê\È�Ì¿ÊyÝÞÓëý°ÝÞÓ ±1σ

ßUÍ�ÉPÈ�×@È�Ìe�hÍ�ß¿Ì¿Ê�íJí¸ÌQØËÓnâW�!Í�Ì¿×���Ù|Ì ±0.3
É��|cjæ

bb→ eνebb
d�Ðð¬ÊyÍ�ô�Í�Ì¿ÖnÝ´âËÍ�âËÍ�× Ç ÝÞÓ��PâËÍ�Ó��K�0��ÓnâËÍ�×Jè|È�ÓËÓ�È�Ønà@Ö�ý°Í�×¿çøÍ�ÓnâËÍ�Ì¸çøÍ�×UâËÍ�ÓQPWØËí âaÊyÍ�ì´Ê�Ù|ÓËÊ�nè|È�Ó���âËÍ�×ô�Í�ßUß¿ØËÓËÙCÈD����ØnßUà@Ö0��ÌB�YÍ�Ó-Ð�ð�ÈD��Ø*ç�Ê�×Uâ_ânÈÞß&ÇfÝÞÓ��PâËÍ�Ó���ÓËÊ�ý°ÍYÈ�Ølß@Ý Î\È�ÓËÙ°Í³ýÞÈ�×¿Ê�ÊyÍ�×¿Ì��ËÊyß�âaÊyÍ³Ù°Í�í&Í�ßUßUÍ�ÓnÍÑ$×UÍ�Ê�Ù|ÓËÊyß&��È�ÖËÎnÙ°Í�×@ÈÞâËÍEÊ�ÓËÓnÍ�×¿ÖPÈ�Î���âËÍ�ß$Ç ÝÞÓ��PâËÍ�Ó���Ê�Ó´ÌUÍ�×¿ýÞÈ�Î�Îyß8Î�ÊyÍ�Ù|ÌYÐ|ð�ÈÞß$ânÈD��ØËÙ°Í�Ö?OÞ×¿Ê�Ù°Í ÇfÝÞÓ��PâËÍ�Ó���ÓËÊ�ý°ÍYÈ�Øè|È�ÓËÓJí�È�Ó&ânÈ�ÓËÓ�È�Îyß$Ç ÝÞÓ��PâËÍ�Ó���ÓËÊ�ý°ÍYÈ�Ø³âËÍ�×�ô�Í�ßUß¿ØËÓËÙE�!Í�Ì¿×@ÈÞàUÖûÌUÍ�Ó-ÐT��ÕË×�âaÊyÍEý°ÝÞ×¿Î�ÊyÍ�Ù°Í�ÓnâËÍ�Ó�æ

bb
ò¢ð�È�ÌUÍ�ÓÍ�×¿Ö0��Î�Ìrí�È�Ó>ßUÝ Í�Ê�Ó¸Ç ÝÞÓ��PâËÍ�Ó���ÓËÊ�ý°ÍYÈ�Ø7Ô§ÕË×WânÈÞß$ì´Ê�Ù|ÓPÈ�Îûý°ÝÞÓJãÞþl�Ð�ð¬ÊyÍ�ßWÍ�Ó´ÌUß¿ÉË×¿ÊyàUÖ´Ìa�hÍ�Ê´Í�Ê�ÓnÍ�×�á�È�Ø�y0( ßUà@ÖnÍ�Ó

'�Í�×¿ÌUÍ�Ê�Î�ØËÓËÙ7Í�Ê�ÓnÍ�×�ì´Ê�Ù|ÓËÊ�nè|È�Ó�� ý°ÝÞÓ
1.17σ

ÐMð¬ÊyÍQý°ÝÞ×¿Î�ÊyÍ�Ù°Í�ÓnâËÍ¬ôåÍ�ß@ß¿ØËÓËÙ Êyß¿ÌøÈ�ÎyßUÝ�ý°ÝÞÓ�âËÍ�Ó�Õ��ËÎ�ÊyàUÖnÍ�×¿çøÍ�ÊyßUÍÙ°Í�Ô�ÝÞ×UâËÍ�×¿ÌUÍ�Ó
3σ

ÓnÝMàUÖëçøÍ�Ê�ÌfÍ�ÓûÌóÔ�Í�×¿ÓûÌYÐð�È�ÖnÍ�× Êyß¿Ì�Í�ß¸È�ØnàUÖ�ßUÊ�ÓËÓûý°ÝÞÎ�ÎxPWâaÊyÍ�ð1È�ÌUÍ�Ó|��ØË× ÷EÍ�×UÍ�àUÖËÓûØËÓËÙ Í�Ê�ÓnÍ�×¸Ý"�!Í�×UÍ�Ó á¬×UÍ�Ó��YÍ�È�ØaÔ�âËÍ�ÓCæ~Ê�×óòèMØËÓËÙ°ß&%´ØnÍ�×UßUàUÖËÓËÊ�Ì¿Ì8íJÊ�Ì�Í�Ê�ÓnÍ�í;Ç ÝÞÓ��PâËÍ�Ó���ÓËÊ�ý°ÍYÈ�Ø³ý°ÝÞÓ�õ|Úl ��ØJý°Í�×¿ç8Í�ÓnâËÍ�Ó-ÐMð�ÈÞß8õ|Úl ÇfÝÞÓ��PâËÍ�Ó��K�PÈ�ÓnâÊyß¿ÌQÍ �!Í�ÓaÔ�È�Î�Îyß�Ê�Ó��	���ËÊ�ÎyâaØËÓËÙ�ãMÐ�Û7Ù°Í �YÍ�Ê�Ù|ÌYÐnô È�Ó3Í�×¿Ö0��Î�ÌfÈ�ÎyßUÝ�g
σ95K

bb→eνebb
= 6.7

É��A����ç�Ð
σ95K

bb
= 60.9

É��
.

�4¸,s}¸�°ºTÈ;ºT½D¾�¿}À�¿�Ê��.ã4¿ýÏXÈ;º9¿~æ<ºT¿ZâT´qÈNÂ�º9¿�ÃÛíYî�®�ÈDã}Â�À�É7á�»�ã4¿�ÅKÆC»�È;ÉQÀ�¿qÊ4Å)*QÀ�º<ÈDÅV½D¾�¿�»>áKá
�fØnàUÖ�Ô§ÕË×�âaÊyÍ&È�ØaÔøæÿñQò¢Ñ�×UÍ�Ê�Ù|ÓËÊyßUßUÍJÝÞÉËÌ¿Ê�íJÊyÍ�×¿ÌUÍ�ìMÍ�ÎyÍ�èMÌ¿ÊyÝÞÓ�ç�Ê�×Uâ�Í�Ê�ÓnÍ¯�[Ê�è°Í�Î�Ê�ÖnÝMÝ´âMò��nØËÓËè´Ì¿ÊyÝÞÓdÈ�ØaÔzòÙ°Í�ß¿ÌUÍ�Î�Î�Ì ØËÓnâëâËÍ�×�ª Ó´ÌUÍ�×¿Ù|×¿ØËÓnâëØËÓnâëâËÍ�ß@ßUÍ�ÓAª ÓnßUÊyàUÖnÍ�×¿ÖnÍ�Ê�Ì Ê�Ó´ÌUÍ�Ù|×¿ÊyÍ�×¿ÌYÐð¬ÊyÍ1ÓnÍ �hÍ�ÓåâËÍ�ÓëÑ$×UÍ�Ê�Ù|ÓËÊyßB��È�ÖËÎyÍ�ÓåÍ�Ó´ÌUßUàUÖnÍ�ÊyâËÍ�ÓnâËÍ�ÓÎ��ÓaÔ§ÝÞ×¿í�È�Ì¿ÊyÝÞÓnÍ�Ó3ßUÊ�Ónâ�âËÍ�×�ª Ó´ÌUÍ�×¿Ù|×¿ØËÓnâëØËÓnâ�âaÊyÍìMÍ�ÎyÍ�èMÌ¿ÊyÝÞÓnßUÍ�����ÊyÍ�Ó���Ô§ÕË×QânÈÞß¬ì´Ê�Ù|ÓPÈ�Î�Ðhì´ÊyÍ�ß¿Ê�Ónâ³Ê�ÓëâËÍ�Ó3Ü�ÈD�hÍ�Î�ÎyÍ�Ó�ãMÐ�Ïr����ç�ÐNãMÐ�Û°��Ønß@È�íJí&Í�ÓËÙ°Í�Ô�ÈÞßUß¿ÌYÐð1Í�×�Ñ$Ê�Ó�ðnØnßUß�âËÍ�×FªfÓnß¿Êyà@ÖnÍ�×¿ÖnÍ�Ê�ÌøÈ�ØaÔhâaÊyÍw�ûÍ�Ìóò¢Ñ$ÓnÍ�×¿Ù|ÊyÍ�ò�ì´èÞÈ�Î\È ç�Ê�×Uâ&È�ØnàUÖ�ÖËÊyÍ�×$Ù°Í�Ì¿×UÍ�ÓËÓûÌ]�!Í�Ì¿×@ÈÞàUÖ´ÌUÍ�ÌVPçøÍ�Ê�Î�âaÊyÍ>ßUÊyàUÖ�ânÈ�×@È�Ønß�Í�×¿Ù°Í �hÍ�ÓnâËÍ�ÓËªfÓnß¿Êyà@ÖnÍ�×¿ÖnÍ�Ê�ÌUÍ�Ó�ÓËÊyàUÖûÌ ÎyÍ�ÊyàUÖûÌ�Ê�Ó�âËÍ�í��nÝÞ×¿í�È�Î�Êyß¿í¸Ønß�ý°ÝÞÓ|�øÝÞÓË×@ÈÞâ
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	 ththZÇÒ´kW]-T-uUM.ÔD�}Ô�ÇfÝÞÓ��PâËÍ�Ó��K�0��ÓnâËÍ�×]��ØË×�÷EÍ�ß¿Ì¿Ê�íJí ØËÓËÙ ý°ÝÞÓ&á1×UÍ�Ó��YÍ�Ó�È�ØaÔhâËÍ�ÓJæÿñQò
!$×UÝ|âaØËèMÌ¿ÊyÝÞÓnß¿ç�Ê�×¿è´ØËÓËÙ°ß�%ûØnÍ�×UßUà@ÖËÓËÊ�Ì¿Ì Ô§ÕË×

m - = 115
á1Íx'7Ðnð¬ÊyÍ�ØËÓ´ÌUÍ�×UßUàUÖËÊyÍ�âaÎ�Êyà@ÖnÍ�ÓÎ�-Ê�òÓËÊyÍ�Ó��YÍ�Ê�Ù°Í�Ó�âaÊyÍ Ñ$×¿Ù°Í �ËÓËÊyßUß@Í�íJÊ�ÌfâËÍ�Óm�hÍ�×UÍ�à@ÖËÓnÍ�ÌUÍ�Ó�ßBSMßUÌUÍ�í�È�Ì¿ÊyßUàUÖnÍ�Ó\�nÍ�ÖËÎyÍ�×¿ÓQPNß@ÝYç�ÊyÍÝÞÖËÓnÍ�ßBSaß¿ÌUÍ�í�È�Ì¿ÊyßUà@ÖnÍ��nÍ�ÖËÎyÍ�×QØËÓnâ�íJÊ�ÌfâËÝÞÉËÉhÍ�Î�ÌUÍ�Ó��PÍ�ÖËÎyÍ�×¿Ó-Ð

ñ Ê�Ù|Ù°ßóò¢ô ÈÞßUßUÍ �ûÑ8ì −1σ
ß¿Ì@È�ÓnânÈ�×Uâ �°Ñøì

+1σÏ|ÏYÚ�á1Í�' ÛaÐ�ÏYþ Ï úaÐ�Ï�ö ÛaÐ�ú°ã Ï úaÐ�Ï�ö ÛaÐ�Û|ú Ï úaÐ�Ï�öÏYÛ|Ú�á1Í�' ÛaÐ öûõ Ï úaÐ�ÏYþ ÛaÐ öûï Ï úaÐ�ÏYþ ÛaÐ�Ú|þ Ï úaÐ�ÏYþÏYï|Ú�á1Í�' ÛaÐ�Ï|Ï Ï úaÐ�ÏYï ÛaÐ�ú|Ú Ï úaÐ�ÏYþ ÛaÐ�ÏYï Ï úaÐ�ÏYï
Ñ�q�tNm?ÒTÒûmJM.Ô�Õ�ÔwªfÓûÌUÍ�×¿Ù|×¿ØËÓnâËÍ�×¿çøÈ�×¿Ì¿ØËÓËÙ cjÊ�Ónß¿Ù°Í�ß@È�í¸Ì Ï ÓûØË×°�nÍ�ÖËÎ�ÊyâËÍ�ÓûÌ¿Ê�nè|È�Ì¿ÊyÝÞÓ*ØËÓnâô3ÊyßUÌ@È�Ù°ßéd�ÔjÕË×Eý°Í�×UßUà@ÖËÊyÍ�âËÍ�ÓnÍ ñfÊ�Ù|Ù°ßóò¢ô�ÈÞß@ßUÍ�Ó³ØËÓnâW�°Í�Ìóò¢Ñ$ÓnÍ�×¿Ù|ÊyÍ�ò�ì´è|È�Î\ÈC�	�ûçøÍ�ÊyàUÖûØËÓËÙ°Í�Ó-Ð

ñfÊ�Ù|Ù°ßóò¢ô�ÈÞß@ßUÍ �°Ñ8ì −1σ
ß¿Ì@È�ÓnânÈ�×Uâ �°Ñ8ì

+1σÏ|ÏYÚ�á�Íx' ÛaÐ�ÏYõl ÛaÐ�ï|Ûl ÛaÐ�ÏYÛlÏYÛ|Ú�á�Íx' ÛaÐ�ÚaÏ� ÛaÐ�Ú|ïl ÛaÐ�ï|úlÏYï|Ú�á�Íx' ÛaÐ öûÚl ÛaÐ�Ú|ïl ÛaÐ�Û|Úl
Ñ�q�tNm?ÒTÒûmjM.Ô,Ó.Ô ìMÍ�ÎyÍ�èMÌ¿ÊyÝÞÓnßUÍ�����ÊyÍ�Ó���Ô§ÕË×³ñ Ê�Ù|Ù°ßóò¢÷EÝ|ßUÝÞÓnÍ�ÓÿÔ§ÕË×�ý°Í�×UßUàUÖËÊyÍ�âËÍ�ÓnÍ�ñfÊ�Ù|Ù°ßóòô�ÈÞß@ßUÍ�Ó³ØËÓnâA�°Í�Ìóò¢Ñ$ÓnÍ�×¿Ù|ÊyÍ�ò�ì´è|È�Î\ÈC�	�ûçøÍ�ÊyàUÖ´ØËÓËÙ°Í�Ó-Ð

�!Í�ßUàUÖË×¿ÊyÍ �!Í�Óëç8Í�×UâËÍ�Ó3èlOÞÓËÓnÍ�Ó-Ðnð�È�ÖnÍ�×Qç�ØË×UâËÍ1Ô§ÕË×EâaÊyÍ ß¿Ê�í ØËÎ�ÊyÍ�×¿ÌUÍ�Ó�Ñ$×UÍ�Ê�Ù|ÓËÊyßUßUÍ�âaÊyÍ��ûÍ�Ìóò¢Ñ$ÓnÍ�×¿Ù|ÊyÍ�ò�ì´èÞÈ�Î\ÈØËíüÍ�Ê�ÓnÍ ì´Ì@È�ÓnânÈ�×UânÈD�ûçøÍ�ÊyàUÖ´ØËÓËÙ�ÓPÈÞà@Ö3Ý"�!Í�ÓW����ç�ÐaØËÓûÌUÍ�Óëý|È�×¿Ê�ÊyÍ�×¿Ì�ØËÓnâ�âaÊyÍ�ânÈ�×@È�Ønß�×UÍ�ß¿ØËÎ�Ì¿ÊyÍ�×UÍ�ÓnâËÍ�ªfÓaòÌUÍ�×¿Ù|×¿ØËÓnâËÍ�×¿çøÈ�×¿Ì¿ØËÓËÙ�Í�×¿íJÊ�Ì¿ÌUÍ�Î�ÌYÐnð¬ÊyÍ�Ñ�×¿Ù°Í �ËÓËÊyßUßUÍ�ß¿Ê�Ónâ�Í �!Í�ÓaÔ�È�Î�ÎyßQÊ�ÓëâËÍ�Ó3Ü�ÈD�hÍ�Î�ÎyÍ�ÓåÈ�ÓËÙ°Í�Ù°Í �!Í�Ó-Ð
�¢Ó��	���ËÊ�ÎyâaØËÓËÙ¸ãMÐ�ï1Êyß¿Ì$Í��ËÍ�íJÉËÎ\È�×¿ÊyßUàUÖ�ânÈÞß$Í�×¿×UÍ�àUÖËÓnÍ�ÌUÍ¬õ|Úl Ç ÝÞÓ��PâËÍ�Ó��K�PÈ�Ónâ&ÔjÕË×�Í�Ê�ÓnÍ�ñfÊ�Ù|Ù°ßóò¢ô ÈÞßUßUÍý°ÝÞÓ�Ï|ÏYÚ¬á1Íx'dÙ°Í �YÍ�Ê�Ù|ÌYÐD�¢Ó>âaÊyÍ�ßUÍ�í ð¬Ê\È�Ù|×@È�íJí Êyß¿ÌrÈD����ØËÎyÍ�ßUÍ�ÓQP�ânÈÞßUßq�hÍ�Êûâa×UÍ�ÊT�hÍ�Ý"�PÈÞà@ÖûÌUÍ�ÌUÍ�Ó&Ñ$×UÍ�Ê�Ù|ÓËÊyß@ßUÍ�Óí�È;�aÊ�í�È�ÎrÍ�Ê�Ó�æ~Ê�×¿èMØËÓËÙ°ß&%´ØnÍ�×UßUàUÖËÓËÊ�Ì¿Ì¬ý°ÝÞÓ�Ï|Ð�ï|Û�É��ëÔ§ÕË× âËÍ�ÓÎ!$×UÝ"�YÍ�ßUßfælñ → eνe bb

È�è9�YÍ�ÉËÌ¿ÊyÍ�×¿Ì¬ç�Ê�×Uâ[Ðð¬Ê�ý´ÊyâaÊyÍ�×¿ÌëâaØË×Uà@Ö ânÈÞßW'�Í�×B��çøÍ�Ê�Ù|ØËÓËÙ°ß¿ý°Í�×¿Ö0��Î�Ì¿ÓËÊyß ÷v�Icjæ → eνe
d� 1úaÐ�ÏYú|î*Í�×¿Ù|Ê��ËÌëßUÊyàUÖ ßUÝÞíJÊ�Ì³Ô§ÕË×�âaÊyÍ
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dJéfØPÈ�×¿è ÝMâËÍ�×&Í�Ê�ÓnÍ�í á¬Î�ØnÝÞÓß¿Ì@È�íJí&Í�Ó-ÐT��ßUÌ�âaÊyÍ�ßUÍ�æCÈ�ÖË×UßUà@ÖnÍ�Ê�ÓËÎ�ÊyàUÖËè°Í�Ê�Ìw�!Í�ßUÝÞÓnâËÍ�×Uß$èMÎyÍ�Ê�ÓQP°ÖPÈ�ÓnâËÍ�Î�Ì8Í�ß�ß¿ÊyàUÖ�íJÊ�Ì�Ù|×UÝ"y°Í�×�æCÈ�ÖË×UßUà@ÖnÍ�Ê�ÓaòÎ�Êyà@ÖËè°Í�Ê�ÌëØËí�Í�Ê�Ó

b
ò�ÝMâËÍ�×

c
ò�éfØPÈ�×¿è7PEç8Ý"�!Í�Ê

c
ò�éfØPÈ�×¿èMßëÍ�×¿ÖnÍ �ËÎ�Êyà@Ö ßUÍ�Î�ÌUÍ�ÓnÍ�×ëß@Ý�ÊyâËÍ�Ó´Ì¿Ê�?��ÊyÍ�×¿Ìëç8Í�×UâËÍ�ÓèlOÞÓËÓnÍ�Ó-Ðøð¬ÊyÍåìMÍ�Ónß¿Ê�Ì¿Ê�ýMÊ�Ì���Ì�âËÍ�×C�fÓPÈ�Î�SaßUÍëÖ0��ÓËÙ|Ì�Í�ÓûÌUßUà@ÖnÍ�ÊyâËÍ�Ónâ~ý°ÝÞÓlâËÍ�×³ìMÍ�ÎyÍ�èMÌ¿ÊyÝÞÓnßUÍ�����ÊyÍ�Ó���ÈD�QP�ßUÝânÈÞßUß�ÔjÕË×QâaÊyÍ

b
ò���âËÍ�ÓûÌ¿Ê�?��ÊyÍ�×¿ØËÓËÙ�Í�Ê�Ó3í�OÞÙ|Î�ÊyàUÖnß¿ÌfÎyÝ|ßUÍ�×fìMàUÖËÓËÊ�Ì¿ÌfÙ°Í�çv��ÖËÎ�Ì ç�ØË×UâËÍ|Ð

#NØËÓ0�ÞàUÖnßUÌ�ç�ØË×UâËÍ�Ó�Ñ$×UÍ�Ê�Ù|ÓËÊyß@ßUÍ�íJÊ�Ì�Í�Ê�ÓnÍ�í;Ñ�ÎyÍ�è´Ì¿×UÝÞÓQP°Ô§Í�ÖËÎyÍ�ÓnâËÍ�í;ÜW×@È�Ónß¿ý°Í�×Uß@È�Î�Ê�íJÉËØËÎyß8ØËÓnâJíJÊ�ÓnâËÍ�òß¿ÌUÍ�Ónß���ç8Í�Ê
b
ò��°Í�ÌUßEßUÍ�ÎyÍ�è´Ì¿ÊyÍ�×¿ÌYÐMð¬ÊyÍ�ßUÍ Ñ�×UÍ�Ê�Ù|ÓËÊyßUßUÍfç�ØË×UâËÍ�ÓN��ØËÓ0�Þà@Önß¿ÌEÙ°Í�ÓûØËÌB��ÌVPMØËí âËÍ�Ó�æ~Ê�×¿èMØËÓËÙ°ß&%´ØnÍ�×óòßUà@ÖËÓËÊ�Ì¿Ì$âËÍ�×ræ
bb
ò�!$×UÝMâaØËèMÌ¿ÊyÝÞÓI��ØI�!Í�ß¿Ì¿Ê�íJí&Í�Ó-Ð"#NØË×aªfÓûÌUÍ�×Uâa×¿Õnà@è´ØËÓËÙ�âËÍ�ß�÷EÍ�Ê�Ì¿×@È�Ù°ß�ý°ÝÞÓ

tt
ò�!$×UÝMâaØËèMÌ¿ÊyÝÞÓç�ØË×UâËÍ�Ó*çøÍ�Ê�ÌUÍ�×UÍåìMàUÖËÓËÊ�Ì¿ÌUÍ�È�ØaÔ¬âaÊyÍW�°Í�Ìóò¢ôåØËÎ�Ì¿Ê�ÉËÎ�Ê���Ê�Ì���Ì�ØËÓnâ*âaÊyÍ³ÌUÝÞÌ@È�ÎyÍ³Ì¿×@È�Ónß¿ý°Í�×UßRÈ�ÎyÍ�Ñ$ÓnÍ�×¿Ù|ÊyÍ3È�ÓËÙ°Í�òçEÈ�ÓnâaÌYÐ4�fØnßQâËÍ�Ó3ý°Í�×B�ËÎyÍ�Ê��!Í�ÓnâËÍ�Ó Ñ$×UÍ�Ê�Ù|ÓËÊyßUßUÍ�ÓåèÞÈ�ÓËÓ3âËÍ�×fæ

bb
ò�æ~Ê�×¿èMØËÓËÙ°ß&%´ØnÍ�×UßUàUÖËÓËÊ�Ì¿Ì1Í�×¿íJÊ�Ì¿ÌUÍ�Î�ÌfçøÍ�×óòâËÍ�Ó-Ð´ð¬Í�×�ØËÓûÌUÍ�×E÷øÍ�×¿Õnà@èMßUÊyàUÖûÌ¿Ê�Ù|ØËÓËÙJâËÍ�ß]'�Í�×B��ç8Í�Ê�Ù|ØËÓËÙ°ß¿ý°Í�×¿Ö0��Î�Ì¿ÓËÊyßUß@Í�ß�÷v�

(
æ → eνe) = 0.108

Í�×¿×UÍ�àUÖaòÓnÍ�ÌUÍ7æ�Í�×¿Ì�ÊyßUÌ
σ K

bb = 21.8+15.5
−20.0

c§ßBSaßV\¬ß¿Ì@È�Ìéd ± 2.8
c��°Ñ8ì�d�É��WÐ!ð¬ÊyÍ¯�nÍ�ÖËÎyÍ�× ß¿Ê�Ónâ�ânÈD�!Í�Ê$Õ��hÍ�×¿ç�ÊyÍ�Ù°Í�Ónâý°ÝÞÓÿâËÍ�×�Ù°Í�×¿Ê�ÓËÙ°Í�Ó Ñ$×UÍ�Ê�Ù|ÓËÊyßB��È�ÖËÎr�!Í�ß¿Ì¿Ê�íJí ÌYÐ8æ�Í�Ù°Í�ÓÿâËÍ�×�Ù°Í�×¿Ê�ÓËÙ°Í�Ó ì´Ê�Ù|ÓËÊ�nèÞÈ�Ó���âËÍ�×�ôåÍ�ßUßUØËÓËÙCý°ÝÞÓÍ�Ì�çøÈ

1.2σ
ç�ØË×UâËÍ�Ó�âaÊyÍ¸Ñ$×UÍ�Ê�Ù|ÓËÊyßB��È�ÖËÎyÍ�Ó�È�ØnàUÖ\��ØË×f÷EÍ�×UÍ�àUÖËÓ´ØËÓËÙ�Í�Ê�ÓnÍ�×¬Ý"�!Í�×UÍ�Ó á¬×UÍ�Ó��YÍ>È�ØaÔ�âËÍ�Ó3ælÊ�×óòèMØËÓËÙ°ß&%´ØnÍ�×UßUàUÖËÓËÊ�Ì¿Ì¬ý°Í�×¿ç8Í�ÓnâËÍ�ÌVP[âaÊyÍ¸ß¿ÊyàUÖ\�hÍ�ÊrÍ�Ê�ÓnÍ�í ÇfÝÞÓ��PâËÍ�Ó���ÓËÊ�ý°ÍYÈ�Ø�ý°ÝÞÓ�õ|Úl���Ø

σ95K
bb

= 60.9
É��Í�×¿Ù|Ê��ËÌYÐ

#NØË× Ñ$×¿íJÊ�Ì¿Ì¿Î�ØËÓËÙ�ý°ÝÞÓ�á¬×UÍ�Ó��YÍ�ÓåÈ�ØaÔ$âËÍ�Ó�ælÊ�×¿è´ØËÓËÙ°ß&%´ØnÍ�×UßUà@ÖËÓËÊ�Ì¿ÌfâËÍ�×QæÿñQò�!�×UÝ´âaØËèMÌ¿ÊyÝÞÓ�ç�Ê�×Uâ�ç�ÊyÍ�òâËÍ�× âaÊyÍ ßUÍ�Î��hÍ>á¬×¿ØËÓnâËßUÍ�ÎyÍ�èMÌ¿ÊyÝÞÓ3ý°ÝÞÓ3ð�È�ÌUÍ�Ó3ý°Í�×¿çøÍ�ÓnâËÍ�ÌYÐ7#NØË×	ª Ó´ÌUÍ�×Uâa×¿ÕnàUèMØËÓËÙ�ý°ÝÞÓ\ª Ó´ÌUÍ�×¿Ù|×¿ØËÓnâëç�Ê�×Uâ

¿Í�âËÝ´à@ÖåâËÍ�×�ìMàUÖËÓËÊ�Ì¿Ì�È�ØaÔ�ñfÜ ÓnÍ�Ø��!Í�ß¿Ì¿Ê�íJí Ì¬ØËÓnâ3Í�ß ç�Ê�×Uâ���Ønß���ÌB��Î�Êyà@Ö È�ØaÔ�âaÊyÍ¸Ê�Óûý|È�×¿Ê\È�ÓûÌUÍ>ô�ÈÞß@ßUÍ�âËÍ�×

× Ö



×B× × £ :;¦73�/7èwèw69+0¤�/73 3�¦.+.§Î¦.+4Ú\/0¦73�â�1"*>=��
��ç8Í�Ê

b
ò��°Í�ÌUß$Ù°Í�ß@àUÖËÓËÊ�Ì¿ÌUÍ�Ó-Ð°÷EÍ�ÊyâËÍ ìMàUÖËÓËÊ�Ì¿ÌUÍ âaÊyÍ�ÓnÍ�Ó&ânÈD��ØQPÞÓnÍ �hÍ�ÓJâËÍ�×

tt
ò�!$×UÝMâaØËè´Ì¿ÊyÝÞÓ�È�Ønà@Ö�âËÍ�Ó¯!$×UÝ"�YÍ�ßUßæ

bb
��Ø�ØËÓûÌUÍ�×Uâa×¿Õnà@è°Í�Ó-Ð

ª í âaÊyÍ�ßUÍ�ìMà@ÖËÓËÊ�Ì¿ÌUÍE��Ø�ÝÞÉËÌ¿Ê�íJÊyÍ�×UÍ�Óëç�ØË×UâËÍ�Í�Ê�ÓnÍ1ôåÍ�Ì¿ÖnÝMâËÍ�Í�ÓûÌ�ç�ÊyàUè°Í�Î�ÌVPPâaÊyÍfÔ§ÕË×QÈ�Î�ÎyÍ�Ç ÝÞíf�ËÊ�ÓPÈ�Ì¿ÊyÝ�òÓnÍ�Ó7ý°ÝÞÓJÝ"�hÍ�×UÍ�í ØËÓnâ>ØËÓûÌUÍ�×UÍ�í ìMà@ÖËÓËÊ�Ì¿Ì�âaÊyÍøÍ�×¿çEÈ�×¿ÌUÍ�ÌUÍfì´Ê�Ù|ÓËÊ�nè|È�Ó��QâËÍ�ßrÙ°Í�ßUØnàUÖûÌUÍ�Ó³ì´Ê�Ù|ÓPÈ�Îyßz�hÍ�×UÍ�à@ÖËÓnÍ�ÌØËÓnâdÈ�Îyß¸ÝÞÉËÌ¿Ê�í�È�ÎyÍ�Ó ìaÈ�ÌB��ý°ÝÞÓ*ìMà@ÖËÓËÊ�Ì¿ÌUÍ�ÓdâaÊyÍ�Ç ÝÞíb�ËÊ�ÓPÈ�Ì¿ÊyÝÞÓ*íJÊ�Ì>âËÍ�×>í�È;�aÊ�í�È�ÎyÍ�Ó_ì´Ê�Ù|ÓËÊ�nè|È�Ó��ëÈ�Ønßóòçv��ÖËÎ�ÌYÐ
� Ønß8âËÍ�Ó&ÎyÍ�ÌB��ÌUÍ�ÓnâaÎ�ÊyàUÖëÈ�Ønß¿Ù°Í�ç{��ÖËÎ�ÌUÍ�Ó�Ñ�×UÍ�Ê�Ù|ÓËÊyßUßUÍ�Ó�ç�ØË×UâËÍ�Ó�á¬×UÍ�Ó��YÍ�Ó�È�ØaÔ-âËÍ�Ó&æÿñ ò�!$×UÝ|âaØËè´Ì¿ÊyÝÞÓnß¿òç�Ê�×¿èMØËÓËÙ°ß&%ûØnÍ�×Uß@àUÖËÓËÊ�Ì¿Ì�Í�×¿íJÊ�Ì¿ÌUÍ�Î�ÌYÐ�ð�È�Ô§ÕË×Wç�ØË×UâËÍ�âaÊyÍ8ß¿Ì@È�Ì¿Êyß¿Ì¿ÊyßUà@ÖnÍ�ô�Í�Ì¿ÖnÝ´âËÍ�ý°ÝÞÓb�nÍ�Îyâaí�È�Ó>ØËÓnâI�øÝÞØnßUÊ�ÓnßÈ�ÓËÙ°Í�çøÈ�ÓnâaÌVPrÓPÈÞàUÖnâËÍ�í ß¿ÊyÍJÓPÈÞà@Ö�âËÍ�ÓË'�ÝÞ×UßUà@ÖËÎ>��Ù°Í�ÓCý°ÝÞÓ��øÝÞÓË×@ÈÞâ�Í�Ì¸È�Î�Ð-Í�×¿çøÍ�Ê�ÌUÍ�×¿Ì¸çøÝÞ×UâËÍ�ÓCçøÈ�×VPWØËíßBSaß¿ÌUÍ�í�È�Ì¿ÊyßUà@ÖnÍ�ª ÓnßUÊyàUÖnÍ�×¿ÖnÍ�Ê�ÌUÍ�Ó���ØW�!Í�×¿ÕnàUèaß¿Êyà@ÖûÌ¿Ê�Ù°Í�Ó-Ð
��ÕË× Í�Ê�Óåì´Ì@È�ÓnânÈ�×Uâaí&Ý´âËÍ�Î�Î�ñfÊ�Ù|Ù°ßóò¢÷EÝ|ßUÝÞÓëâËÍ�× ô ÈÞßUßUÍ7Ï|ÏYÚ�á1Í�' è|È�ÓËÓ3Í�Ê�ÓnÍ�Ý"�!Í�×UÍ á¬×UÍ�Ó��YÍ È�ØaÔ$âËÍ�Ó

!$×UÝMâaØËè´Ì¿ÊyÝÞÓnßUç�Ê�×¿è´ØËÓËÙ°ß&%´ØnÍ�×UßUà@ÖËÓËÊ�Ì¿Ì ý°ÝÞÓ
σ95KI- = 12.2

É���È�ÓËÙ°Í�Ù°Í �hÍ�ÓCç8Í�×UâËÍ�Ó-Ðq��ÕË×�Ö?OÞÖnÍ�×UÍ&ô ÈÞßUßUÍ�Ó
�ËÊyß�ÏYï|ÚCá1Í�' çøÍ�×UâËÍ�ÓÁ��ÖËÓËÎ�ÊyàUÖnÍ á¬×UÍ�Ó��YÍ�Ó_Í�×¿íJÊ�Ì¿ÌUÍ�Î�ÌYÐ�ð¬ÊyÍ�ßUÍ3á1×UÍ�Ó��YÍ�Ó_ß¿Ê�Ónâ\
óÍ�âËÝMàUÖ ÓnÝ´à@ÖdÔ�ÈÞß¿Ì°��çøÍ�Êá¬×&O"y°Í�ÓnÝÞ×UâaÓ´ØËÓËÙ°Í�Ó�Ý"�!Í�×¿ÖPÈ�Î��3âËÍ�×�'�ÝÞ×¿ÖnÍ�×Uß@È�Ù°Í âËÍ�ß¬ì´Ì@È�ÓnânÈ�×Uâaí&ÝMâËÍ�Î�Îyß ý°ÝÞÓ

σ KI- ≈ 0.1
É��WÐ

�}¸>n}¸¯µNÀ�Å�ûz¼�»Ç½DÉ
ª í íJÊ�Ì�âaÊyÍ�ß@Í�×�� ÓPÈ�Î�SaßUÍ>ÓnÍ�ØnÍpP!Õ��hÍ�×��WÑF! ÖËÊ�ÓPÈ�Ønß¿Ù°Í�ÖnÍ�ÓnâËÍN� Ønß@ßUàUÖËÎ�ØnßUßUÙ|×UÍ�Ó��YÍ�Ó ÔjÕË×�âaÊyÍJñfÊ�Ù|Ù°ßóòô ÈÞßUßUÍ���Ø7Í�×¿ÖPÈ�Î�ÌUÍ�ÓQPûß¿Ê�Ónâ>ý°Í�×UßUàUÖËÊyÍ�âËÍ�ÓnÍw'�Í�×B�!Í�ßUßUÍ�×¿ØËÓËÙ°Í�Ó&Í�×óÔ�ÝÞ×UâËÍ�×¿Î�ÊyàUÖ-ÐûÑ$Ê�ÓnÍ�×UßUÍ�Ê�ÌUß$Êyß¿Ì$Í�×¿ÖnÍ �ËÎ�Êyà@Ö&í&Í�ÖË×Ê�ÓûÌUÍ�Ù|×¿ÊyÍ�×¿ÌUÍf�[ØËíJÊ�ÓnÝ|ß¿Ê�Ì���ÌfÍ�×óÔ�ÝÞ×UâËÍ�×¿Î�ÊyàUÖQPNÈ�ÓnâËÍ�×UÍ�×UßUÍ�Ê�ÌUß ß¿Ê�ÓnâëÈ�Ønà@Ö�ç8Í�ßUÍ�Ó´Ì¿Î�ÊyàUÖnÍb'�Í�×B�hÍ�ß@ßUÍ�×¿ØËÓËÙ°Í�Ó�Ê�ÓëâËÍ�×ìMÍ�ÎyÍ�èMÌ¿ÊyÝÞÓnßUÍ�����ÊyÍ�Ó��QØËÓnâ7âËÍ�×aª Ó´ÌUÍ�×¿Ù|×¿ØËÓnânÈD�nßUàUÖ0��ÌB��ØËÓËÙ>ÓnÝÞÌ¢çøÍ�ÓnâaÊ�ÙnÐT#NØË×�Ñ$×¿Ö?OÞÖûØËÓËÙ¸âËÍ�×�ìMÍ�ÎyÍ�èMÌ¿ÊyÝÞÓnßUÍ�Ôjò

�?��ÊyÍ�Ó��QÊyß¿Ì8Í�ß$ý°ÝÞ×øÈ�Î�ÎyÍ�í;Í�×óÔ�ÝÞ×UâËÍ�×¿Î�ÊyàUÖQPMâaÊyÍ��-Í�ÊyßUÌ¿ØËÓËÙ°ßóÔ���ÖËÊ�Ù|è°Í�Ê�ÌEâËÍ�×
b
ò���âËÍ�Ó´Ì¿Ê�nèÞÈ�Ì¿ÊyÝÞÓN��Ø�ß¿ÌUÍ�Ê�Ù°Í�×¿Ó-Ðûæ�Í�Ê�òÌUÍ�×UÍY'�Í�×B�hÍ�ß@ßUÍ�×¿ØËÓËÙ°Í�ÓdèlOÞÓËÓûÌUÍ�Ó_ß¿Êyà@Ö*È�ØnßJâËÍ�×>æ�Í�Ê�ÌUÍ�×UÍ�ÓûÌ�ç�ÊyàUèMÎ�ØËÓËÙ âËÍ�×¯�°Í�Ìóò���âËÍ�ÓûÌ¿Ê�nè|È�Ì¿ÊyÝÞÓ Í�×¿Ù°Í �!Í�ÓQP

�!Í�ßUÝÞÓnâËÍ�×Uß��!Í�Ê�âËÍ�×¸Ü�È�Ùp�PÈ�×¿è°Í�Ê�Ì¸ØËÓnâ�âËÍ�×¸ÜW×UÍ�ÓËÓûØËÓËÙ ý°ÝÞÓCÍ�ÎyÍ�èMÌ¿×UÝÞÓËÊyßUàUÖnÍ�í �fÈ�Ønß@àUÖnÍ�Ó-ÐWÑ�Ê�ÓnÍ��!Í�ßUßUÍ�×UÍ
�°Í�Ìóò��fØ�ð0O|ß¿ØËÓËÙ�Ö0��Ì¿ÌUÍ�Í�Ê�ÓnÍ�Ó*É!Ý|ß¿Ê�Ì¿Ê�ý°Í�Ó_Ñ$Ê�Ó�ðnØnßUß�È�ØaÔ¬âaÊyÍ�ÜW×UÍ�ÓËÓûØËÓËÙCý°ÝÞÓ~ì´Ê�Ù|ÓPÈ�Î ØËÓnâ�ª Ó´ÌUÍ�×¿Ù|×¿ØËÓnâ[Ð÷EÍ�Ê�âËÍ�×³ßUÌ@È�Ì¿Êyß¿Ì¿ÊyßUàUÖnÍ�Ó �fØnß¿çøÍ�×¿Ì¿ØËÓËÙ ß¿ÉËÊyÍ�ÎyÍ�Ó âaÊyÍÎ�nÍ�ÖËÎyÍ�×åÈ�ØaÔ¸âaÊyÍR�	�nßUàUÖ0��ÌB��ØËÓËÙ_âËÍ�ßWªfÓûÌUÍ�×¿Ù|×¿ØËÓnâËßÍ�Ê�ÓnÍ³ç�ÊyàUÖ´Ì¿Ê�Ù°ÍA� ÝÞÎ�ÎyÍ|Ða��ÕË×JâaÊyÍW�fÓPÈ�Î�SMßUÍ�Êyß¿ÌJÍ�ß¯��ç�Ê�ÓËÙ°Í�Ónâ*Í�×óÔ�ÝÞ×UâËÍ�×¿Î�ÊyàUÖQP8âaÊyÍ�ßUÍX�nÍ�ÖËÎyÍ�×�âËÍ�ØËÌ¿Î�Êyà@Ö_ý°ÝÞÓâËÍ�×B�YÍ�Ê�Ì¸Í�Ì�çøÈ�Û|ÚläÈ�ØaÔQØËÓ´ÌUÍ�×�ÏYúl���ØC×UÍ�âaØ���ÊyÍ�×UÍ�Ó-Ð�ô3Ê�Ì�Ù°Í�ÓPÈ�ØnÍ�×UÍ�Ódô�Í�ßUß¿ØËÓËÙ°Í�Ó�âËÍ�ß

tt
òfØËÓnâCæ

bb
ò
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