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Ò�ÓZÏ�EIÔyÕKÕxLNEGF�FIÖT?�F%FIÖTLwB�L·Í×?fPlLwØ�D¨EGF%>@?KBIÕxL×L�Ø�FIBn?ÇÎ[D@Í�LwÌTEID@HKÌTE%DpÌ
?xÎyÎ[DpFID@HKÌÙF�H�HxÔyB·Ú�Û�Î[D@Í�LwÌTEIDpHxÌT?�>CÜ�F�?KÌTÎy?KB�ÎÙÝ¯H[Î[LN>«ÞºHKB�>@Î¦ßáà�ÌÙFIÖyL�EGLlÍ�H�ÎyLw>¨EwÏ�HxÔyB
ÞºHKB�>¨Î·B�LNEID@Î[L�EºHKÌ�?/ÚKÛ]Î[D@Í�LwÌTEID@HKÌT?K>mâyBn?�ÌTL�D@Ì�?4ÖyD@ÕKÖyLNB.Î[DpÍ�LNÌTEGD@HKÌm?�>�EGãm?KË�L*ä�ÌyHbÞ.Ì�?xE
F�ÖyL.âyÔy>@ä0ÏKÞ.ÖyLNBIL£F�ÖyL.L�Ø�F�B�?*Î[D@Í/LNÌTEIDpHxÌTE_?�B�L£EI?KD@Î%FIH�âML�Ë�HxÍ/ãm?KË�F�D�åmLNÎ�Ï�LwØ[ãy>@?KDpÌTDpÌyÕ*F�ÖyL
æh?xË�F.F�ÖT?bF�ÞºLCÖT?fçKLCÌyHKF£PxL�F�HxâTEGLNBIçxLNÎ�?�Ì�P·L�J0LNË�F�E£B�Lw>¨?bF�LNÎ�FIH�FIÖTL�L�Ø�FIBn?4ÎyDpÍ�LwÌmEGD@HKÌTENß

è ÖTL*LwØ[ãmLNBID@Í�LwÌ�F�?K>MâMHKÔTÌTÎyEºæéB�HKÍêÎ[D@B�LNË�F£F�LNEGF�E£H�æ,ÕKBn?fç�D�Fn?bFID@HKÌ�?�B�L�Ë�ÔTBIB�LwÌ�FI>@P·ëíì
ÑKîKîKï�ðñæéHxBC?KÌ�P�>¨?�B�ÕKL�EuF�L�Ø�FIBn?�ÎyDpÍ�LwÌmEGD@HKÌ¦Ï�?KÌTÎ�ëòìôófõ�îKï�ðñæéHxB«FuÞºH�L�ö�ÔT?�>@>pP¯EIDp÷NLNÎ
LwØ�FIBn?·Î[D@Í/LNÌTEIDpHxÌTE%Ð ÚbÓ]ß.à�Ì�?KÎyÎyD�F�DpHxÌ¦ÏyF�ÖyLwB�L%LwØ�D¨EGF«>pD@Í�D�FnE.æéB�HKÍ9?KEGFIB�HKãyÖ�P[EID@ËNE.HKâTEILwB�çb?bÛ
F�DpHxÌTENß è ÖyL�EGL~?KBILCÍ�H[Î[Lw>�ÎyLwãMLwÌTÎ[LNÌ�FNÏm?KÌTÎ!?�ãyãT>pP�FIH×Í�H[Î[Lw>¨E.Þ.DpFIÖ�øm?bF�LwØ�FIBn?×Î[DpÍ�LNÌ[Û
EID@HKÌTE&?�ÌmÎ~?«ÔTÌyDpçxLwBnEI?K>p>@P�Ë�HxÔyãy>@DpÌyÕ�ÕKBn?fç�D�F�HKÌ~?KE�FIÖTLºHxÌy>@P*ãm?�BIFID¨Ë�>@L-ãyB�LNEILwÌ�F,DpÌ%FIÖyL£âyÔy>@ä0ß
è ÖTL�âmHxÔyÌTÎyE�?KBILCëíìúùKî*û:üKüxî4ÌTÍ�ÏmÎ[LwãMLwÌTÎyDpÌyÕ×HxÌ�F�ÖyL~?KE�EIÔyÍ�ã[FID@HKÌTE£Í×?xÎ[L×Ð õbÓZß

ÝÇH�ÎyLw>¨E�Þ.D�F�Ö�>@?KBIÕxL4LwØ�FIBn?�ÎyDpÍ�LwÌmEGD@HKÌTE~ãyBIHbç�D¨Î[L�ÔTE�Þ.DpFIÖý?!ãMHxE�EGD@ây>@L×EGHx>pÔ[F�DpHxÌ3FIH
F�ÖyL£ÖyD@LwBn?�BnËnÖ�PCãyB�HKâT>pLNÍ�þ�Þ.Ö�PCF�ÖyL.EIËN?�>@LNE
H�æyF�ÖyL.Î[DpJMLNBILNÌxF�âT?xEGD¨Ë-DpÌ�FILNB�?xË�F�DpHxÌTE
?KBIL-H�æmEIH
ÎyD�J0LwB�LwÌ�F(Í×?�ÕxÌyDpFIÔTÎ[L�Ewß è ÖyL.Í×?KE�E�E�Ëw?�>@L£H�æMFIÖyL«Þ-L�?�äCæéHKBnË�LxÏ�ÿ������Kî��*L	�4Ï�D@E_Í%ÔTËnÖ
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Þ.ÖTLwB�L*)ÙD¨E%F�ÖyL�Ì�ÔTÍ%âMLwB/H�æ�L�Ø�F�B�?lÎ[DpÍ�LNÌTEGD@HKÌmE4?KÌTÎýë9D¨E~F�ÖyL�EID@÷wL�HKæ.FIÖyL�EGL!Î[DpÛ
Í�LNÌTEGD@HKÌmEwß è ÖyD¨E%?K>p>@HbÞ�ECF�HÇÖT?fçKL�F�ÖyL+
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ÝÇ?KÌ�P!HKæ�FIÖyL/L�Ø�FIBn?bÛ�Î[D@Í�LwÌTEIDpHxÌT?�>�Í/H[Î[LN>@E*?�B�L%D@ÌTEIãyD@BIL�Î¯â�P�EGFIB�DpÌTÕ·FIÖTLwHKB�PKÏMÞ.ÖyD¨ËnÖ
D@ÌTË�HxBIãMHKBn?bF�LNE/?�>¨EGH3EGÔTãmLNB�EIP�Í/Í�LwFIB�PKß�à�Ì FIÖTD@E�Í�H[Î[Lw>ZÏºHKÌy>@P:FIÖyL!âyÔT>päýD¨E×EIÔyãmLNB�EIP�Í/Û
Í�L�F�BID¨Ë�Ï
?�ÌTÎlÌyH�F*FIÖTL×âyB�?KÌyL4FIH!Þ.ÖyD¨ËnÖÇFIÖTL�Ü[Ý ãm?�BIFID¨Ë�>@LNEC?�B�L/ËwHKÌ[åmÌyLNÎ�ß×Ü�D@ÌTË�L�HxÌy>pP
ÕxB�?fç�DpFuP�ãyB�HKãT?KÕx?�FILNE«DpÌÇFIÖyL/âyÔy>@ä0ÏmF�ÖyL/ÕKBn?fç�DpFIHxÌ¯HKâ[Fn?�D@ÌTE*EGÔyãMLwBnEIP�Í�Í�L�F�BID¨Ë�ãT?KBGF�ÌyLwBnENÏ
Þ.ÖyD@>@LCFIÖyL%Ü[Ý ãT?KBGF�D@Ëw>pL�EºBILNÍ�?KDpÌ�Þ.DpFIÖyHxÔ[F�ãT?�BIFIÌTLwBnEwß

è ÖyLºÍ�H�ÎyLw>[?�>¨EGH«BIL�öxÔTDpB�LNE�FuÞ-H*EGÔTãmLNB�EIP�Í/Í�LwFIB�P*ÕxLwÌyLNB�?�FIHxB�E & L�Ø�FILNÌTÎ[L�Î%EIÔyãmLNB�EIP�Í/Û
Í�L�F�BIP�'£D@Ì¯F�ÖyL%LwØ�F�B�?×ÎyDpÍ�LwÌmEGD@HKÌT?K>�âyÔT>pä0ß è ÖyL�EGL~FuÞ-H×ÕxLwÌyLNB�?�FIHKBnE£Þ.D@>p>,>pH�Hxä�>@DpäxL�æéHKÔTB
HxÌ¯HKÔyB�ÚKÛ]ÎyDpÍ âyBn?�ÌyLxÏTÕKD@ç�DpÌTÕ·BID¨EILCFIH·æéHxÔyB�EIÔyãMLwBnEGP�Í�Í�L�F�BID¨ËCÕKBn?fç�D�F�HKÌ!ãT?�BIFIÌTLwBnE.Þ.D�F�Ö
EIãyD@ÌTE�Ò���ÑyÏ�óKÏ&ó���Ñ�?�ÌmÎÇîyß è ÖyL%ÕxB�?fç�D¨EIËN?�>¨?�B£FIÖm?bF�D¨E«FIÖyL/EGÔyâ��uLNË�FCH�æ�F�ÖyD¨E�?KÌT?�>@P[EGD¨EwÏmD@E
EIÔTËnÖ�?·EIÔyãMLwBnEGP�Í�Í�L�F�BID¨Ë~ãT?KBGF�ÌyLwB�Ïm?KÌTÎÇEIDpÍ�D@>@?KB*EGFIÔmÎ[DpL�E�æéHxB�F�ÖyL4ÕxB�?fç�DpFIHxÌ!?KÌTÎ¯HKFIÖyLNB
ãT?KBGF�ÌyLwBnEºL�Ø[D¨EuF%Ð übÓ]Ï�Ð��NÓZß(à]F«EGÖyHxÔy>¨Î�âML�LwÍ�ãyÖT?xEGD¨EILNÎ�FIÖT?�F.FIÖyL�ÕxB�?fç�D¨EIËN?�>¨?�B-DpÌ�FIÖTD@E�ËN?KEIL
D¨E£ÌyH�F«?�E�Ëw?K>@?KB£?KBID¨EIDpÌyÕ4æéB�HKÍ�F�ÖyL�Í�L�F�BID¨Ë*D�FnEGLN>�æuÏT?xE.EGLNLwÌ�DpÌ�Ð �bÓ]ß

Ü�D@ÌTË�L�FIÖTL�ÕxHx?�>TH�æ¦F�ÖyD@EºEGFIÔTÎ[P×D¨E(FIH%LNçb?�>@ÔT?bF�L�FIÖTL*Î[D¨E�Ë�HbçKLNBIP4ãmHKFILNÌxF�D@?K>M?KÌTÎ×LwJML�Ë�F�E
HKæ�EIÔTËnÖÇ?×ãm?�BIFID¨Ë�>@L~DpÌ�� è -	��Ü0ÏmFIÖTL4Ë�HxÔyãy>@DpÌTÕxE£F�H�Ü[Ý ãT?KBGF�D@Ëw>pL�E�Í4ÔTEuF�âmL4D@Î[LNÌ�FIDpåTLNÎ�ß
è ÖyL4EGD@Í�ãy>pL�EuFCEGÔmËnÖÇË�HKÔTãy>pD@ÌyÕ�E�?�B�L�FIB�DpÛZ>@DpÌTLN?�B�ÏT?KÌTÎ¯D@Ì�çxHK>@çKL*FIÖTL%ÕKBn?fç�D@E�Ëw?K>@?KB.?�ÌTÎ�FuÞºH
Ü[Ý ãT?KBGF�D@Ëw>pL�Ewß è ÖyLNP�Ëw?KÌ!âmL~Î[L�EIËwBID@âMLNÎ�â�P·FIÖyLCæéHx>p>@HbÞ.DpÌTÕ/>¨?�ÕxB�?KÌyÕKD¨?�Ì�þ
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è ÖyL~ËwHKÔyãy>@D@ÌyÕxE.?KBIL�þH ÕKBn?fç�D¨E�Ëw?�>¨?�B(Û-ö�ÔT?�B�ä[E*þ !& Ï !& +H ÕKBn?fç�D¨E�Ëw?�>¨?�B(Û(ÕK>@ÔyHxÌTECþ !132 ÏI!; 2H ÕKBn?fç�D¨E�Ëw?�>¨?�B(Û(ãyÖyHKFIHxÌTECþ !1 B Ï ! ; B
è ÖyL£Ë�H�HKBnÎ[D@ÌT?bF�LNE &������ '�B�L�æéLwB�FIH«FIÖyLºÚ*Ü[ÝêÎ[DpÍ�LNÌTEGD@HKÌmE
?KÌTÎCFIÖTL(L�Ø�F�B�?�Î[DpÍ�LNÌTEGD@HKÌmE

B�LNEIãmL�Ë�F�DpçxLw>@PKß è ÖTL�Ë�HxÔyãy>@DpÌyÕ�ECDpÌ:F�ÖyL·LwJML�Ë�FID@çKL�>@?KÕKBn?�ÌyÕxD@?KÌ�ÖT?fçxL�ÎyDpÍ�LwÌmEGD@HKÌTENÏ&EGH¯D@Ì
HxB�Î[LNB/FIHýË�B�LN?�FIL¯Î[D@Í�LwÌTEIDpHxÌy>@LNE�E×Ë�HKÔTãy>pD@ÌyÕ�EwÏ-FIÖyLNP ?KBIL!Í%ÔT>�F�Dpãy>@D@LNÎúÞ.DpFIÖ FIÖyL¯ãTBIHxãmLNB
ãMHbÞ-LNBCH�æ(F�ÖyL�BIL�Î[ÔTËwLNÎ 
_>¨?�ÌTËnäÇÝÇ?xEIEJ!ÿ � ß è ÖyL�B�LNÎ[ÔmË�LNÎ 
_>¨?�ÌmËnä¯Í�?xEIE*D¨E�Î[LwÌTH�FIL�Î
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?KÌTÎ ; 2 Ëw?KÌ·âmHKFIÖ·âML�EIL�F-FIH/î~Þ.DpFIÖyHxÔ[F->@HxE�E_HKæ¦ÕKLwÌTLwBn?�>@D�FuPxß è ÖyD¨EºË�HKÍ�L�E�æéB�HKÍ FIÖyL«æh?KË�F
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F�ÖT?bFCF�ÖyL/ËwBIH�EIEGÛ�EGL�Ë�FID@HKÌmE�HKÌT>pPÇÎ[LNãmLNÌTÎÇHxÌÇF�ÖyL×Ë�HKÍ4âyD@ÌT?bF�DpHxÌÇH�æ & ' &,+ ?�ÌTÎ ; 2 ' 1 2 ß
è ÖTLwB�L�æéHKB�LKÏTæéBIHxÍòÌTHbÞ HxÌ¦ÏmHxÌy>@P & ?KÌTÎ 1 Þ.D@>p>
âmL4ÔTEILNÎ�æéHKB*Ë�HxÔyãy>@DpÌyÕ�E£FIH�öxÔm?�B�ä�E«?�ÌTÎ
Õx>pÔTHKÌTE£B�LNEIãmL�Ë�F�DpçxLw>@PKß
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è ÖTL�Ë�HxÔyãy>@DpÌTÕxE�âML�FuÞºLwLNÌ×FIÖyL«ÕKBn?fç�D¨E�Ëw?�>¨?�B�?KÌTÎ/FIÖyL*ö�ÔT?�B�ä[E.�bÕK>@ÔyHKÌTE&ÕxDpçxL.ÔTE�F�ÖyB�LwL�ãMHxEGÛ
EID@ây>pL�ãyB�H[Î[ÔTË�FID@HKÌ:ËnÖT?�ÌyÌTLw>¨E*?�FCFIÖyL - � / & EGLNL/åTÕKÔyB�L�ó%æéHxB��yLwP�ÌyÍ×?KÌ3Î[D¨?�ÕxB�?KÍ×E�Î[LwÛ
E�Ë�B�D@âyDpÌTÕ4F�ÖyL�ãyB�H[Î[ÔTË�F�DpHxÌ�ËnÖm?�ÌyÌyLN>@E�'*þH���' !��� � ' &H���' &	� � '��H & ' &
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è H×Ë�>¨?�D@Íò?�Î[D¨EIËwHbçKLNBIPxÏxÞºL�BIL�ö�ÔyDpB�L�FIÖyL~EIDpÕxÌT?�>¦EID@ÕKÌyDpåmËw?KÌTË�L�FIH×âML�>¨?�B�ÕKLwBºF�ÖT?�Ì¯õ[þ
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Þ.ÖTLwB�L��3D¨E_F�ÖyL�Ì�ÔyÍ4âmLNB(HKæ�EGD@ÕKÌT?K>TLNçKLwÌ�FnE(?�ÌmÎ � F�ÖyL«Ì�ÔyÍ4âmLNB-HKæ¦âT?KËnä�ÕKB�HKÔTÌTÎ/LwçKLNÌ�F�E
?�æXFILNB«?�>@>¦Ë�Ô[FnE�?�B�LC?�ãyãy>@D@LNÎ�ß
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Entries  4852
Mean    158.4
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 tau rec / truth correlationTp h_pRecpTruth
Entries  2110
Mean x   98.82
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 tau rec / truth correlationTp h_R
Entries  2110
Mean   0.02631
RMS    0.01955
Underflow       0
Overflow      219
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tauRec truth match h_R
Entries  2110
Mean   0.02631
RMS    0.01955
Underflow       0
Overflow      219

tauRec truth match
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Entries  3801
Mean    -6.38
RMS     1.436
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 + qφ →q + g h_likelihood
Entries  5042
Mean   -5.972
RMS     1.492
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Entries  5503
Mean   -6.458
RMS     1.422
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 backgroundτ h_likelihood
Entries  13720
Mean   -5.844
RMS      1.48

 backgroundτ
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Ë�Ô[FnE�?�B�L~?�ãyãT>pD@LNÎ
?KBIL�EIÖyHbÞ.Ì�DpÌ�åTÕxÔyBIL�óNÚTß

��?fç�DpÌyÕÇ?Kãyãy>@DpL�Î�?�>@>-ËwÔ[F�ENÏ&Þ-L�?KBIL×ÌTHbÞ ?Kây>@L×FIH�ÎyL�FILNBIÍ�D@ÌyL×F�ÖyL�ãT?KB�?KÍ�L�FILNB�E*æéHxB
Þ.ÖTD@ËnÖ!ãT?KB�?KÍ/LwFILNB�E£?×õ 3 Î[D¨EIËwHbçKLwB�P�H�æ�?/ÕKBn?fç�D¨E�Ëw?�>¨?�B-D@E£ãMHxE�EIDpây>@LKß
����� P !�'�4�� I )�46, I )�46�
è ÖTL~Ë�Ô[F«L$#·Ë�D@LwÌTËwDpL�EºæéHKB�L�?KËnÖ!Îy?bFn?/EIL�F«?KBIL�EIÖyHbÞ.Ì�DpÌ�åTÕxÔyBIL�ófõ[Ï�F�?Kây>@L~ü/?KÌTÎ���ß N L
EILwL�æéBIHxÍ F�?�âT>pL ��FIÖT?�F4F�ÖyL�ËwÔ[F4L$#·Ë�D@LwÌTËwDpL�E4?KBIL�EID@Í/D@>¨?�B~æéHxB%F�ÖyL·F�ÖyB�LwL�ãTBIH[Î[ÔTË�FID@HKÌ
ËnÖm?�ÌyÌyLN>@ENÏ(?xE/EIÖyHxÔy>@Î�âmL!LwØ�ãMLNË�FIL�ÎýæéB�HKÍ F�ÖyL�EID@Í/D@>¨?�B�D�FuP�HKæ�FIÖyL�F�ÖyBILNL�åmÌT?�>.EGF�?bF�LNENß�«>�F�ÖyHKÔTÕKÖ:Þ-L�ÖT?fçxL/EILwLNÌ�F�ÖT?bF�F�ÖyL/F�?KÔ:ËwÔ[FCFIB�LN?�F�E*FIÖTL�FIÖyB�LwL�ãyB�H[Ë�LNE�EILNECÎ[DpJMLNBILNÌxF�>pPxÏ
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    GSC reference sign.

ν + ν →    Z 
ν + τ →    W 
ν + µ →    W 
ν e + →    W 

 after all cutsmiss
TE

�,D@ÕKÔyB�L4óNÚTþ_Ü�Fn?KËnäKL�Î·ãy>@H�F�EIÖyHbÞ.D@ÌyÕ � � $����� æéHKB.âT?xËnä�ÕxBIHxÔyÌTÎ×?KÌTÎ�EID@ÕKÌT?K>0?�æXFILNB�?�>@>0ËwÔ[F�E
?Kãyãy>@DpL�Î�ß

F�ÖyD@E£Öm?KEº?%Bn?bF�ÖyLwB.EIÍ�?K>p>0D@Í�ãT?KË�FºHxÌ�F�ÖyL«åmÌT?�>�L$#×ËwDpLNÌTË�Pxß N LCÞ.D@>p>0F�ÖyLwB�L�æéHxBILxÏxB�LwÕ�?�BnÎ�Û
>@LNE�E�H�æ0F�ÖyL«EIÔyâyãyB�H[Ë�LNE�E_ËwBIH�EIEGÛ]EILNË�FID@HKÌTENÏbÔTEIL.FIÖTL�HbçKLNB�?K>p>yËwÔ[F(L�#·ËwDpLNÌTË�P/HKâ[Fn?�D@ÌyLNÎ/æéB�HKÍ
F�ÖyLCBILwæéLwB�LwÌTËwLCEID@ÕKÌT?K>MÞ.ÖTLwÌ!Ë�HKÌmEGD¨Î[LwB�D@ÌyÕ/ÎyD�J0LwB�LwÌ�F.ãT?�Bn?�Í�LwFILwB.EIL�FnEºæéHKB£FIÖTLCÎyD@E�Ë�HbçxLwB�P
>@DpÍ�DpF�ENßN L-Ëw?KÌ~ÌyHbÞ�Ï�âT?KEILNÎCHxÌ~HKÔTB
Ë�ÔyF
L�#·ËwDpLNÌTË�D@LNENÏbËw?�>¨Ë�ÔT>@?�FIL�F�ÖyL(Ì�ÔyÍ4âmLNB�H�æyÕxB�?fç�D¨EIËN?�>¨?�B
LNçKLwÌ�FnE�ÌyLwL�Î[LNÎ/F�H%Ë�>¨?�D@Í ?%õ 3 Î[D¨EIËwHbçKLNBIPxÏK?�ÌTÎ�Þ.DpFIÖ·FIÖT?�F_FIÖyL�Ë�B�HxE�E_EGL�Ë�F�DpHxÌ¦ß �THKB(FIÖyD¨EwÏ
ÞºLCÔTEGLCL�öxÔm?bFID@HKÌ¯õ[ß �«>@EIH/F�?Kä�D@ÌyÕ/DpÌ�F�H·?KËwËwHKÔyÌ�FºFIÖyL�ÔTÌTË�LNBGFn?�D@ÌxF�DpL�EwÏ[ÞºL�Ëw?K>@ËwÔy>@?�FIL*FIÖTL
Ì�ÔyÍ4âmLNB%H�æ«EID@ÕKÌT?K>(LwçxLwÌ�F�E%ÌyLwL�Î[LNÎýDpÌ�?�Þ-HxB�EGFGÛ�Ëw?xEGL×E�Ë�LNÌT?�B�DpHmß Q P�F�ÖyD@E/ÞºL·Í�LN?KÌ�?
E�Ë�LNÌT?�B�DpH�Þ.ÖTLwB�L�FIÖTL�âT?xËnä�ÕKB�HKÔyÌTÎ�ËwBIH�EIE_EILNË�FID@HKÌTE(FIÔTBIÌTE-HKÔyF(FIH4âmLC?bF-FIÖyL�ÔyãyãMLwBº>pD@Í�D�F
HKæ�FIÖTL�ÔyÌTË�LNBGFn?�D@Ì�FID@LNE£D@Ì�Fn?�ây>@L%Ñ[ß

è ÖyL4BIL�EGÔy>pFID@ÌyÕ�Ì�ÔTÍ%âMLwB«HKæ_LwçxLwÌ�F�E«ÌyLwL�Î[LNÎ!æéHxB*õ 3 Ëw?�Ì¯âML4æéHKÔyÌTÎÇDpÌ¯Fn?�ây>@L �Tß N L
åTÌmÎ�FIÖT?�F�FIÖyL~ËwBIH�EIE.EILNË�FID@HKÌ!B�LNö�ÔyD@BIL�Î�æéHxB«?×Î[D¨EIËwHbçKLNBIP·?�F%óNîxî%æéâ L �*D¨E 3�� $ �  ù*B ù/æéâ
æéHxB�/ è &SR*üTßpó(-ÇË�LNÌ�FIBn?�>Tçb?K>pÔyLxÏ�?KÌTÎ¯ó�îyß¬õ*æéâ�Dpæ¦Þ-L«F�?KäKL.F�ÖyL 
9@$�3LNBIB�HKB_D@Ì�FIH/?KËwËwHKÔyÌ�F�ß

�7� N �D.02*. #84 ' 4 2 �
I . ,

&LNBGæéHxBIÍ�D@ÌyÕ¯?ÇEIËN?�Ì�HbçxLwBCFIÖTL�ãT?KB�?KÍ/LwFILNB%EGãm?KË�L & & � 1 � ).'�Ï&Þ-L�ÎyL�FILNBIÍ�D@ÌyL×æéHxB%Þ.ÖyD¨ËnÖ
ãT?KB�?KÍ�L�FILNB�EºÞºLCHKâ[Fn?�D@Ì�F�ÖyL~Ë�B�HxE�E£EGL�Ë�FID@HKÌ 3 � $ � ÏyÕxDpçxLwÌ�DpÌ�FIÖTL�ãyBILNç�DpHxÔTE£ãT?�Bn?�ÕxB�?KãyÖ¦ß�«E/EGF�?bF�LNÎ�L�?�B�>pD@LwB�Ï
FIÖyL�Ë�B�HxE�E~EGL�Ë�F�DpHxÌTE%?KBIL×Í×?�D@Ìy>@P�Î[L�F�LwB�Í/D@ÌyL�Î�â�P�F�ÖyL�Î[D@Í�LwÌ[Û
EIDpHxÌ[æéÔy>(ËwHKÔyãT>pD@ÌyÕxE !& ?KÌTÎ !1 Ï
?KãT?�BIFCæéBIHxÍ#FIÖTL·EGÍ×?�>@>(ËwÔ[FIHKJ�DpÍ�ãMHxEILNÎ3â�P � > ìôÿ � ß
è ÖyD¨EºÍ�LN?�ÌmE(F�ÖT?bF£æéHxB-F�ÖyLCBIL�ö�ÔyDpB�LNÎ�Ë�B�HxE�EuÛ�EILNË�F�DpHxÌ 3�� $ � Ïy?4E�Ë�LNÌT?�B�D@H%Þ.DpFIÖ!?%ÖyD@ÕKÖ!ÿ �ËwHKÍ�ãT?�B�LNÎ�F�H·HKÌTL%Þ.DpFIÖ�?�>pHbÞíÿ � ÞºHKÔy>¨Î¯B�LNö�ÔyD@BIL~ÖTDpÕxÖyLwB*Î[DpÍ�LNÌTEGD@HKÌT>pL�EIE�Ë�HKÔTãy>pD@ÌyÕ�E& ?KÌTÎ 1 ß è ÖyD@E«Ëw?�Ì�âML~EGLNLwÌ�æéBIHxÍ�LNö�ÔT?�FID@HKÌTE.Ò�?KÌTÎ�Úmß

�yHx>p>@HbÞ.D@ÌyÕ!FIÖyD¨E%?KBIÕxÔyÍ�LwÌ�FNÏ�FIÖyL�EGÍ×?�>@>@LNEGF4Î[D@Í/LNÌTEIDpHxÌy>pL�EIE%Ë�HKÔTãy>pD@ÌyÕ�E & ?K>p>@HbÞ-L�Î�â�P
F�ÖyL«Í�H[Î[Lw> ',F�ÖT?bF£Ë�HKÔT>@Î�ÕxDpçxL.ÔTE 3�� $ � ÞºHKÔy>¨Î�âML�FIÖTHxEIL�H�æ0FIÖTL�E�Ë�LwÌm?�B�DpH%ÿ �  ÿ � $ "� Ï
EILwL£Fn?�ây>@L�óKß è ÖyD¨E_>@HbÞ-LNB,>@D@Í/DpF(HxÌ4F�ÖyL«ËwHKÔyãy>@D@ÌyÕ~Ë�HxÌTEuFn?�Ì�F�E&D¨E_D@>@>pÔTEGFIBn?bF�LNÎ/D@Ì4åmÕKÔyB�L�óNüTß
è ÖyL*B�LwÕKD@HKÌ�H�æ�ãT?KB�?KÍ�L�FILNBºEIãT?xË�L«âMLw>@HbÞÙF�ÖyD@EºÞºHKÔy>¨Î·B�LNö�ÔyD@B�L«Í�HKB�L*ÎT?bF�?~FIH/âmLCB�LN?xËnÖ[Û
?Kây>pLxß

ó�ü




(BIH[ËwLNE�E � LNçMß � � $����� ãyB�LNË�ÔyF C~Ë�Ô[F ï:Ë�Ô[F � Ë�ÔyF� � C '�� ÒxÑ �KîKî Úmó�õ�Ò & ófÑ[ß0� �*îTß Ñ ? ' ÑKÑ[ß¬õ �*îTß�� ? ÑKÑyß Ò �*îyß0� ? ó���ß Ú �*îTß ü"?� � ï '�� ÒxÑKüKù � ÚmóNîD� & ófÑ[ß ü �*îTß Ñ ? ' ùxõ[ß@ó �4óxß õ ? óNùTß ü �*îyß0� ? ó(�yß¬õ �*îTß�� ?� � � ' � ÒxÑKîxÑ�î �Kõ�ùKù & ÑKÒyß0� �*îTß Ò"? ' �yóKß ü �4óxß î"? ü�Úmß Ñ �*îyß ù ? Ò���ß0� �*îTß�� ?� � �('�� ÑKõ �xõ�ü ófõ�î ��� & õ$�yß Ú �*îTß õ ? ' ù �yß ù �*îTß �"? ùD�[ß Ò �*îyß � ? ù�õ[ß Ò �*îTß �"?
è H�Fn?�> Ñxõ[ß Ò
? �bÒyß Ò ? Ú �Tßpó�? Òxùyß0� ?
è ?�âT>pL·üTþ /-Ô[F~L�#·Ë�D@LwÌmË�D@LNECæéHxB�âT?KËnä�ÕKB�HKÔTÌTÎyENß è ÖTL×ãyBIL�Ë�Ô[F~L$#·Ë�D@LwÌTËwPÇD@E~ÕKD@çKLwÌ3Þ.DpFIÖ
B�LNEIãMLNË�F�F�H*FIÖyL.D@ÌyDpFID¨?�>yÌ�ÔyÍ4âmLNB�H�æ0LwçKLNÌ�F�ENÏ�Þ.ÖyD@>pLºFIÖTL.BIL�EuF�H�æMFIÖTL.L�#·Ë�D@LwÌTËwDpL�E�?�B�L£ÕKD@çKLwÌ
Þ.DpFIÖ3B�LNEIãmL�Ë�F*FIH�FIÖyL×E�?�Í�ãy>@L/?�æXFILNB*ãTBIL�Ë�Ô[F�Ï¦?KE�FIÖyD¨E*D@E*F�ÖyL�EI?KÍ/ãT>pL/HKÌyL/ÞºHKÔy>¨ÎÇÞºHKB�ä
Þ.DpFIÖ Þ.ÖyLwÌ�ãmLNBGæéHxBIÍ�D@ÌyÕ�?ÇB�LN?K>-?KÌT?�>@P[EGD¨Ewß è ÖyL�L$#×ËwDpLNÌTË�D@LNE%H�æ.F�ÖyL�>@LwãyFIHKÌ Ë�Ô[FnE4?KBIL
ÕxDpçxLwÌ3Ë�ÔyÍ4Ôy>@?�FID@çKLN>pPxÏ¦EGH�FIÖyL � ËwÔ[F�D@E�F�ÖyL�L�#·Ë�D@LwÌTËwP¯H�æ-?K>p>&F�ÖyB�LwL�Ë�Ô[FnE�Þ.DpFIÖ3B�LNEIãmL�Ë�F
F�H~F�ÖyL�E�?�Í�ãy>@L�?�æXFILwB-ãyB�LNË�ÔyFNß è ÖyL�F�H�Fn?�>ML�#·Ë�D@LwÌTËwP×?�B�L.Þ-LNDpÕxÖxF�LNÎ×Þ.DpFIÖ�Ë�B�HxE�E_EGL�Ë�F�DpHxÌTE
æéB�HKÍêF�?Kây>pL~Ñyß


(BIH[ËwLNE�E � Lwç0ß � � $����� ãyB�LNË�ÔyF C%Ë�Ô[F ï3ËwÔ[F � Ë�Ô[F
��' !� � � ' & ÒxîKùKù ó(�xõKÑ & õKùyß � �4óxß Ú ? ' ù �yß ù �CÑyß Ò"? ùKüTß � �CÑ[ß Ò ? ù�õ[ß¬Ñ �CÑ[ß Ò ?
��' &	� � ' � ÒxîKùKù ÑxÑKõE� & �KÑ[ß � �4óxß õ ? ' ù �yß0� �CÑyßpó ? ùKüTß ù �CÑ[ß@ó ? ù�Ñ[ß ù �CÑ[ß î ?&7' &
� � ' & ÒxîKîKî ó�ùKîKü & üxÒyß¬õ �4óxß õ ? ' ù �yß¬õ �CÑyß Ò"? ùKüTß õ �CÑ[ß Ò ? ù�Ñ[ß î �CÑ[ß¬Ñ ?
è H�Fn?�> ü���ß ù ? ù �yß0� ? ùKüTß � ? ùxÒyß@ó�?
è ?�âT>pL ��þ /-Ô[F.L$#×ËwDpLNÌTË�D@LNEºæéHxBºFIÖyL*FIÖTBILNL�ãyB�H[Î[ÔTË�FID@HKÌ!ËnÖT?�ÌyÌTLw>¨Ewß è ÖyL�FIHKF�?�>�L$#·Ë�D@LwÌTËwP
?KBILCÞºLwD@ÕKÖ�FIL�Î�Þ.DpFIÖ¯ËwBIH�EIE£EILNË�F�DpHxÌTEºæéB�HKÍ Fn?�ây>@L%Ñ[ß
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Cut efficiency: background

ν+ν →    Z 

ν e+→    W 

ν+µ →    W 

ν+τ →    W 

Cut efficiency: background
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Cut efficiency: signal

    gsc ref.

    gsc sub 1

    gsc sub 2

    gsc sub 3

    Total background

Cut efficiency: signal

�,D@ÕKÔyB�L×ó�õyþ -¦LwæXFNþ�/-ÔyF«L�#·Ë�D@LwÌmË�D@LNE£æéHxB�âT?KËnä�ÕxBIHxÔyÌTÎ·ãTBIH[Ë�L�EIEILNENß Ê D@ÕKÖ�FNþ�/-Ô[F«L�#·ËwDpLNÌ[Û
ËwDpL�E£æéHKB�EID@ÕKÌT?K>¦?�ÌTÎ�FIHKF�?�>�âm?KËnä�ÕKB�HKÔyÌmÎ�ß
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�%LNçKLwÌ�FnE.âmLwæéHKB�L�Ë�Ô[FnE �~LNçKLNÌxFnE.?bæXF�LwB«ËwÔ[F
/-LwÌ�FIB�ß /-LNÌxF�B ' &(BIB�ß /-LNÌxF�BNß /-LwÌ�FIB ' &_B�BNß

Q ?xËnä�ÕxBIHxÔyÌTÎ óNÚ ���bÒKî ó�üKùxÑyóNü óNÚxùKù�� ó5��îKüxÒ
��EGD@Õ�LwçxLwÌ�F�EºæéHxB«õ 3 Î[D@E�Ë�ç�B ù �xù óNîxõxÑ üxÑKõ üxüxõ
è ?�ây>@L �Tþ è HKF�?�>,Ì�ÔyÍ%âMLwB�H�æ_LNçKLwÌ�FnE�æéHxB«âT?xËnä�ÕxBIHxÔyÌTÎ�ÏMEGÖTHbÞ.Ì¯âmHKFIÖÇæéHxB�ËwLwÌ�FIBn?�>
çf?K>pÔTL
& /-LwÌ�FIB�ß '/?KÌTÎ�ÞºHKBnEGF£ËN?KEIL & /-LwÌ�FIB ' &_B�B�'-Ë�B�HxE�EuÛ�EILNË�F�DpHxÌTENß è ÖyL�Ë�HxBIB�LNEIãMHKÌTÎ[D@ÌyÕ4Ì�ÔTÍ4Û
âMLwB�H�æ_EGD@ÕKÌm?�>¦LNçKLwÌ�FnE.BIL�ö�ÔyDpB�LNÎ�æéHxB�?·õ 3 Î[D¨E�Ë�HbçKLNBIP�D@E�EGÖyHbÞ.Ì!D@Ì¯FIÖTL~>pHbÞºLwB.B�HbÞ�ÏmËwHKBIÛ
B�LNEIãmHxÌTÎ[D@ÌyÕ×F�H�?·ËwBIH�EIE�EGL�Ë�FID@HKÌ�H�æ_ùyß ù×æéâ¯æéHxB*ËwLwÌ�FIBn?�>
çb?�>@ÔyL4?KÌTÎ:óNîTß õ/æéâ�æéHKB*Ë�LwÌ�F�B�?K>
çb?�>@ÔyL ' LwB�BIHxB & Þ-HxB�EGF�Ëw?KEIL('�ß

Ì ÿ � $ "� & è L	�0' ÿ � :��� & è L	�0'&  î 1  î
Ñ Òyß ü ó�õyß ù ó5�[ßpó
Ò ÚTß Ò óNîTß � ��ß Ú
Ú ÚTß �xõ �yß¬õ õ[ß¬Ñ
ü õ[ß0� üyß ü ÚTß@ó

è ?�ây>@L�ùyþ Ê ?KÌyÕKL�E£H�æ&ÿ � æéHKB.Þ.ÖTD@ËnÖ�FIÖyL�Í�H[Î[LN>¦?�>@>pHbÞ�E£?�Î[D¨EIËwHbçKLwB�PKß è ÖyL*FuÞºH/>@D@Í/DpF�E1  î3HxB &  î:?�B�L�Lwçb?K>pÔT?�FIL�Î�ß N L¯EGLNL�F�ÖT?bF�æéHKB�Ì  ÚmÏ�FIÖTL!ÎyD�J0LwB�LwÌTËwL�âML�FuÞºLwLNÌ
Í�D@Ì ?�ÌTÎ Í�?�Ø D¨E�EGÍ×?�>@>�æéHxB�F�ÖyLlËN?KEIL 1  îTß&�THKB*)  üý?�ÌTÎ 1  î�ÞºLÇÖT?fçxL
ÿ � :��� ìíÿ � $ "� ß è ÖyD¨E*ãyÔ[F�ECÔmE�HxÔ[F�EID¨Î[L/FIÖyL/çb?�>@D@Î[DpFuPÇB�LwÕxDpHxÌÇH�æ_F�ÖyL�Í�H�ÎyLw>ZÏ�?�ÌTÎ�D@E
?K>@EIH4LwØ[ãyBIL�EIEILNÎ�D@Ì�åmÕTß�óNüTÏ[Þ.ÖyLwB�L & � $ " � óxß

-¦H�Hxä�D@ÌyÕ~?�FºE�Ë�LwÌm?�B�DpH�E&Þ.D�F�Ö·>@?KBIÕxLwB(ÿ � ÏxFIÖ�ÔTE(DpÌmË�B�LN?KEID@ÌyÕCFIÖyL�Î[DpÍ�LNÌTEGD@HKÌT>pL�EIE-Ë�HKÔyÛ
ãy>@D@ÌyÕxEºB�LNö�ÔyD@BIL�Î�æéHKB£B�LN?KËnÖTDpÌyÕ 3�� $ � Ï�Þ-L*ÖT?fçKL«FIH4F�?KäKL«D@Ì�FIH�?KËNË�HKÔTÌxFºFIÖm?bF & ?KÌTÎ 1 ?�B�L
>@DpÍ�DpFIL�Î�æéB�HKÍò?�âMHbçKLCâ�P×FIÖyL�B�LNö�ÔyD@B�LwÍ�LwÌ�F1 ì� ó � & ì� ó & � '
æéHxB.ãmLNBGF�ÔyBIâm?bFID@çKLCB�LN?xEGHxÌTE �fß è ÖyL�EIÖT?KÎ[L�Î�BILNÕKD@HKÌ�D@Ì�åTÕKÔTBIL�óNü4D@ÌTÎ[D¨Ëw?bF�LNE£F�ÖyD¨EwßN L~EGLwF &  îyÏ 1  ó & ?�ÌTÎ�HKãyãMHxEIDpFIL('º?KÌTÎ·B�LNö�ÔyD@BIL 3�� $ � ß è ÖyD¨E-FIÖyLNÌ�ÕxDpçxLNE-ÔTEºFIÖTLÍ×?bØ[D@Í%ÔyÍ 
_>¨?�ÌmËnälÍ×?KE�E%ÿ � :��� æéHxB%Þ.ÖyD¨ËnÖýÞºL�Ë�HxÔy>¨Î:ÖT?fçKL�?Ç>@?KBIÕxL×LwÌyHxÔyÕKÖýËwBIH�EIEGÛ
EILNË�FID@HKÌ·?bF-FIÖyL�FuÞºH~L�Ø�FIB�LwÍ�L�E_ÌyH4ÕK>@ÔyHKÌ & Ë  î�'�?�ÌTÎ·ÌyH4ö�ÔT?KBIä & Õ  î '�ËwHKÔyãy>@D@ÌyÕxENß è ÖTL
B�LNEIÔy>pFID@ÌyÕ�çf?K>pÔTLNEºæéHKB«ÿ � :��� ËN?�Ì�âmLCæéHxÔyÌTÎ�DpÌ�Fn?�ây>@L~ùyß

Q P�D¨Î[LwÌ�F�D�æéP�D@ÌyÕ/FIÖyL�EGL�çb?�>@ÔyL�EwÏ[ÞºL�Î[L�F�LwB�Í/D@ÌyLCæéHxB.Þ.ÖyD@ËnÖ�Bn?�ÌyÕxL*HKæ 
(>@?KÌTËnä×Í×?KE�EGL�E
?�Î[D¨E�Ë�HbçKLNBIP�HKæ0FIÖyL�ÕxB�?fç�D¨EIËN?�>¨?�B,D@E_ãyBIHxâT?�âT>pLxß �yHxB�FIÖTL«Ëw?xEGL«ÿ � :��� ìÙÿ � $ "� Ï�?KE&D¨E�FIÖTL
ËN?KEILCæéHKB«ãm?�BIF�E.HKæ!)  ü×ãT?�Bn?�Í�LwFILwB�EIãT?xË�LKÏmÞ-L4Ë�HKÌmË�>@ÔTÎ[L�F�ÖT?bF�F�ÖyL%Í�H[Î[LN>�D¨E�ÔyÌT?Kây>@L
F�H/ÕxDpçxL�?4B�Lw>@D¨?�ây>@LCãyBIL�Î[D¨Ë�FID@HKÌ�ß

� � Ä4Á!È 6NÆ 5,ÉwÄ4Á

�TBIHxÍ FIÖTL×BIL�EGÔy>pF�E~HKâ[Fn?�D@ÌyLNÎ�Ï,ÞºL·Ë�HKÌmË�>@ÔTÎ[L�FIÖm?bF~Þ.DpFIÖyD@Ì:FIÖyD¨E~Í�H[Î[LN>WÏ
FIÖyL·ÎyD@E�Ë�HbçxLwB�P
HKæ�?�ÕKBn?fç�D@E�Ëw?K>@?KBºD¨E�ãMHxE�EIDpây>@L~æéHxB«Ì  ÑyÏMÒTÏTÚ�?KÌTÎ¯ü & æéHKBCË�LwBIF�?KDpÌ¯ãm?�Bn?�Í�L�F�LwBnE�'�ß è ÖTL
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Parameter scan, graviscalar discovery limit
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Parameter scan, graviscalar discovery limit

�,D@ÕKÔyB�L�óNüTþ 
�?KB�?KÍ/LwFILNB_EIËN?�Ì4æéHKB(ÕxB�?fç�D¨EIËN?�>¨?�B&Î[D¨EIËwHbçKLwB�P�>@DpÍ�DpF-?bF(D@Ì�FILNÕKBn?bFIL�Î%>@ÔyÍ�D@ÌyHxEGÛ
DpFuP¯óNîxî�æéâ L �bß è ÖyLCEIHK>@D@Î�?�B�LN?KE(DpÌmÎ[D@ËN?bF�LNE-FIÖyL*>@HbÞ-LNB->@DpÍ�DpF�EºHKÌ�FIÖyL*ãT?KB�?KÍ/LwFILNB�E & ÕTÏyËKÏ
Ì '«Þ.DpFIÖlBIL�EGãMLNË�F«F�H�?!õ 3 Î[D¨EIËwHbçKLNBIPxÏTÔTEIDpÌTÕ!ÿ �  ÿ � $ "� ß è ÖyL4ÎyH�FGF�LNÎ�>pD@ÌyLNE*D@ÌTÎ[DpÛ
ËN?bF�L«æéHxBºL�?KËnÖ )ÇFIÖyL�Ë�HxÔyãy>@DpÌTÕ%>@DpÍ�DpF�E£D@Ì�? � ÞºHKBnEuF£Ëw?xEGL ��E�Ë�LNÌT?�B�DpHmÏKFn?�ä�D@ÌyÕ~F�ÖyLCÖyDpÕxÖyLNEGF
çb?K>pÔyL�E&æéHKB�âm?KËnä�ÕKB�HKÔyÌmÎ%Ë�B�HxE�E�EILNË�F�DpHxÌTE,æéB�HKÍáF�ÖyL;
-@��ÇÔTÌTË�LNBGFn?�D@ÌxF�DpL�E&DpÌ/Fn?�ây>@L«Ñ[ß è ÖyL
EIÖT?xÎ[LNÎ!?�B�LN?%FIH/F�ÖyL�BID@ÕKÖ�F.D@ÌTÎ[D¨Ëw?bF�LNEºF�ÖyL�BIL�ö�ÔyDpB�LwÍ�LNÌxF£F�ÖT?bF & � 1 ì óxß

óNù



Í�H[Î[Lw>�D¨E
ÖTHbÞ-LNçKLwB�>pD@Í�D�F�LNÎ~â�PCF�ÖyL(Bn?�ÌyÕxLNE�H�æMÿ � æéHxB
Þ.ÖTD@ËnÖ~DpF&D@E
çb?�>@D@Î�ß è ÖyD¨E�ãTBILNçKLwÌ�FnE
?×B�Lw>@D¨?�ây>@L~ãyB�LNÎ[D¨Ë�F�DpHxÌ!æéHKB )  ü×D@Ì¯FIÖTL4Ëw?xEGL 1 ì � î*B¬õKõyÏm?xE.FIÖTD@E�BIL�ö�ÔyDpB�LNE�ÿ � :&�� ì
ÿ � $ "� Ï
EIÖyHbÞ.ÌlD@ÌlF�?�âT>pL·ùTß
�THKBCF�ÖyL·Ëw?xEGL/H�æ &  îyÏ%)  üyÏ�F�ÖyL×Í�H�ÎyLw>_D¨ECÖyHbÞºLwçKLNB
EGFID@>p>
?�ây>@L*FIH×ÕKD@çKLC?/çb?�>@D@Î�ãyB�LNÎ[D¨Ë�F�DpHxÌ�æéHxB�Î[D¨EIËwHbçKLwB�PKß

è ÖyL�Ëw?xEGL )  Ñ~D¨E£Ë�>@HxEIL�F�H4âMLwD@ÌyÕ�Ë�HKÌmEuF�B�?KDpÌyL�Î×â�P×L�Ø[ãMLwB�DpÍ�LwÌ�Fn?�>0âmHxÔyÌTÎyEºHxÌ·FIÖTL
D@Ì�çKLwBnEIL%EIö�ÔT?KBIL%>@?fÞáHKæ_FIÖyL/ÕKBn?fç�D�Fn?bF�DpHxÌT?�>¦D@Ì�FILNB�?xË�FID@HKÌl?�ÌTÎ¯D¨E*BIÔT>pL�Î¯HKÔ[FCâ�P!DpÌTÎyDpB�LNË�F
?xEuF�BIHxãyÖ�P�EID¨Ëw?�>&Ë�HxÌTEGFIBn?�D@ÌxFnEwß �«E�EGF�?�FIL�Î�L�?�B�>pD@LwB�Ï�FIÖTL/âMHKÔTÌTÎyECæéB�HKÍñ?xEuF�BIHxãyÖ�P[EGD¨ËwE*?�B�L
Í�H[Î[Lw>*Î[LwãMLwÌmÎ[LwÌ�F�?KÌTÎ ÌyLwL�ÎúÌyH�F�?Kãyãy>@PýF�H�HKÔyB·Í�H[Î[LN>Wß è H�ãT>@?xË�LÇÔTE·DpÌTEID¨Î[L¯FIÖTL
âMHKÔyÌmÎyECæéB�HKÍ<ÎyDpB�LNË�F�FILNEGF�E~H�æ£ÕKBn?fç�DpF�?�FID@HKÌ¦Ï�ÞºL×ÌyLNLNÎlFIH¯ÖT?fçxL·ÿ � �

Ú è L��%ß
Ü�D@ÌTËwL
F�ÖyD@E*D¨E«ÞºLw>@>,âmLN>pHbÞôÿ � :���  ó�õ*B ù è L	�4Ï0Þ-L/EuF�Dp>@>&ÖT?fçKL~ÕxH�H�Î�EGLNÌTEGDpFID@ç�D�FuP!D@Ìl?*)  Ñ
E�Ë�LNÌT?�B�DpHmß

/-HKÍ�ãT?KBID@ÌyÕ!Þ.DpFIÖ:FIÖTL � è -6���*Ü è EuF�ÔTÎ[P�D@Ì Ðpó�Ó]Ï
ÞºL·EGLNL·EGD@Í�Dp>¨?�B�B�LNEIÔy>pF�ECæéHxB�FIÖTL
Î[D¨E�Ë�HbçKLNBIP¯ãMH�F�LwÌ�FID¨?�>Zß N L�åTÌTÎ�?!Î[DpJMLNBILNÌTË�L�æéHxBCFIÖyL·E�Ë�LNÌT?�B�DpH )  ÚÇ?�ÌTÎ 1  î+.&?
Î[D¨E�Ë�HbçKLNBIP%D@E(ÌyH�F(Þ.DpFIÖTDpÌ·B�LN?xËnÖ�DpÌÇÐpó�Ó]ÏxÞ.ÖTDp>@L�DpF-D¨E_D@Ì×FIÖyD¨E(EGFIÔmÎ[PKß è ÖyLNBIL«?KBIL£FuÞºH�Í×?�D@Ì
B�LN?xEGHxÌTE-æéHKB£FIÖTD@ENþH è ÖyL�ËnÖT?KÌyÕKL·FIH / è &MR*ü¯ÕKD@çKL�E�ÔTE4HbçKLwBn?�>@>�ÖyD@ÕKÖyLNB/ËwBIH�EIE%EGL�Ë�FID@HKÌmEwÏ&D@ÌTË�B�LN?xEGD@ÌyÕ

FIÖyL�ËwBIH�EIE%EGL�Ë�FID@HKÌmECæéHKB%EIÔyâ:ãyB�H[Ë�LNE�EILNE�D@Ì�çKHK>@ç�DpÌTÕ�Õx>pÔTHKÌTE�D@Ì�ãT?KBGF�D@ËwÔy>@?KBNß è ÖyD@E
Ë�>@LN?�B�>@P·DpÍ�ãyB�HbçKL�E-FIÖyL~Î[D¨E�Ë�HbçKLNBIP�ãMH�F�LwÌ�FID¨?�>ZßH è ÖyL�EGD@Í%Ôy>¨?bF�DpHxÌ�ÞºLwB�L�B�ÔyÌ�Þ.D�F�ÖyHKÔyF£ãTDp>@LwÔyã�ß è ÖyD@E£LwJML�Ë�F�DpçxLw>@P·ãyÔ[FnE£ÔTEºDpÌ¯?4>pHbÞ
>pÔyÍ�D@ÌyHxEIDpFuP�EIËwLwÌT?KBID@HTÏ(Þ.ÖyDp>@L�Ð�ówÓ«EuF�ÔTÎ[D@LNE×?3ÖyD@ÕKÖ >pÔTÍ/D@ÌyH�EGDpFuP�E�Ë�LwÌm?�B�DpHmß Ê ÔyÌ[Û
ÌyDpÌTÕ×ÖyDpÕxÖ!>pÔyÍ�D@ÌyHxEIDpFuP�ÞºHKÔy>¨Î!Ë�LwBIF�?KDpÌT>pP·D@Í�ãT?�D@B.F�ÖyL�ãmLNBGæéHxBIÍ×?KÌTË�LCH�æ&F�ÖyL~Ë�Ô[FnEwÏ
BIL�Î[ÔTË�D@ÌyÕ/FIÖTL�HbçKLwBn?�>@>�Î[D¨EIËwHbçKLwB�P�ãmHKFILNÌxF�D@?K>Wß

è ÖyL-DpÌTËw>pÔmEGD@HKÌ~HKæ[FIÖyL ��� $ ���� ãyB�LNËwÔ[F
Ë�HxÔy>¨Î�ãmH�EIEID@ây>pP�?K>@EIH.ÖT?fçKL-?�Ì~LwJML�Ë�FNÏ�?K>�F�ÖyHKÔTÕKÖ
F�ÖyD@EºB�LNÎ[ÔmË�LNE(FIÖTL*L$#·Ë�D@LwÌTËwP/HKæ¦FIÖTL�>@Lwã[F�HKÌyD¨Ë*Ë�Ô[FnEwÏyEIDpÌmË�L«ÞºLC?bæXFILNBºFIÖyL*ãyB�LNË�ÔyF£?KBIL�>pLwæXF
Þ.DpFIÖ¯?/Í×?��uHKB�DpFuP×H�æ&>pHbÞ LwÌyLNBIÕxL�FID¨Ë*>pLNã[FIHxÌTENß

à]F/?K>@EIH¯F�ÔyBIÌmE%HxÔ[F%F�ÖT?bF4FIÖyL�DpÌTËw>pÔmEGD@HKÌ�HKæ;
-@�� ÔTÌTË�LNBGFn?�D@ÌxF�DpL�E%Î[H�L�E~ÌyHKF4ÖT?fçxL�?
>¨?�B�ÕKLÇD@Í�ãT?KË�F�HxÌ HxÔyB�B�LNEIÔy>pF�ENÏ�?xE·F�ÖyLlÔTÌTË�LNBGFn?�D@ÌxFuP æéHxB�HxÔyB�âm?KËnä�ÕKB�HKÔyÌmÎyE·D@Ì F�ÖyD@E
LNÌyLwB�ÕKP×Bn?�ÌyÕxLCD@E.EIÍ×?�>@>Wß

è ÖyLNBIL*D@E.?�F-F�ÖyL*FID@Í�L*ÌTH/ÕxH�H�Î�Þº?fP�HKæ
Î[D¨EuF�DpÌyÕxÔyD¨EGÖyD@ÌyÕ/FIÖTLCEID@ÕKÌT?K>TæéB�HKÍ�?/ÕKBn?fç�D@EGÛ
ËN?�>¨?�B�æéB�HKÍôFIÖT?�F(H�æ¦?�ÕxB�?fç�DpFIHxÌ4HxB(HKÌTL�H�æ0FIÖTL�H�F�ÖyLwBºEGÔyãMLwBnEIP�Í�Í�L�F�BID¨Ë.ãT?KBGF�ÌyLwBnENÏKEGD@ÌTËwL
F�ÖyL%Ë�B�HxE�E.EILNË�F�DpHxÌTE£æéHxB.FIÖyL�EGL~FIÔyB�Ì¯HKÔ[F«FIH×ÖT?fçxLCFIÖyL%E�?�Í�L�LNÌyLwB�ÕKP�ÎyLwãMLwÌTÎ[LNÌTË�D@LNE4Ð�ówÓZß
Ü�D@ÌTËwL~D�F*D@E�?�>¨EGH�ÌyHKF�ãMHxE�EGD@ây>@LCFIH�ÎyL�FILNBIÍ�D@ÌyL�F�ÖyL,/ºÝ LNÌyLwB�ÕKP�æéHKB.F�ÖyL%D@ÌTË�HxÍ�DpÌyÕ×ãm?�BIÛ
F�HKÌTE*?bF�FIÖyL,-.�0/�Ï /ºÝ ?�ÌyÕxÔy>@?KB«Î[D¨EuF�BID@âyÔ[F�DpHxÌTECËw?KÌ¯ÌyH�FCâmL4ÔTEILNÎ¯æéHxB�Î[D¨EGFID@ÌyÕKÔyD¨EIÖyDpÌTÕ
F�ÖyL·Î[DpJMLNBILNÌxF~ä�D@ÌTÎyE�HKæºãm?�BIFID¨Ë�>@LNENß è ÖyD@E~Í/L�?�ÌTE*F�ÖT?bF/?�>@>&FIÖyL·Í�LNÍ%âMLwBnECH�æºFIÖyL×Í4Ôy>�Û
F�Dpãy>@L�F~Þ.D@>@>_?�>@>_?KÎyÎ�FIH�FIÖTL�FIH�Fn?�> � � $����� EGD@ÕKÌT?K>WÏ�Í�?Kä�DpÌyÕ�DpF%Î[D #·ËwÔy>�F�F�H!D@Î[LNÌ�FIDpæéPÇFIÖTL
D@ÌTÎ[D@ç�D@Î[Ôm?�>�ËwHKÔyãy>@D@ÌyÕxENß

è ÖyL£B�LNEIÔy>�FnE,ÌyLwçxLwBIFIÖyLN>pL�EIE,ÕKD@çKL�E
?KÌ4D@ÌTÎ[D¨Ëw?�FID@HKÌ4H�æmÞ.Öm?bF&FIÖyL.EIDpÕxÌT?�>�æéB�HKÍí?KÌ%L�Ø�F�B�?�Û
Î[D@Í�LwÌTEID@HKÌT?K>-E�Ëw?�>¨?�B�ÞºHKÔT>@Î:>@H�HKä�>@D@äKL·D@Ì*� è -��*Ü0Ï,EIÖyHbÞ.D@ÌyÕ!FIÖm?bF%F�ÖyL·ãMHxE�EGD@âyD@>pDpFuP3H�æ
Î[LwFIL�Ë�FID@ÌyÕ·EIÔTËnÖ!?/EID@ÕKÌT?K>WÏ[ãyB�Hbç�D@ÎyLNÎ×F�ÖyL�B�DpÕxÖxF.ãT?KB�?KÍ�L�FILNB�ENÏ�D@E«Î[L�åTÌTD�F�Lw>@P�ãyB�LNEILwÌ�FNß

� � È���Á!Ä���6	9�Å�� 9 7 9«Á/Â!5

è ÖT?KÌyä[E.F�H ��ÌyÌm? -¦D@ãyÌyD¨?KËnäb?yÏ Q �G?�B�ÌyL4Ü�F�ÔyÕKÔ¦Ï �*LwHxBIÕxLNE �«÷wÔyLN>pH�E«?�ÌmÎ:
_D@LwB�BILwÛ �«ÔyÕKÔyL�E
Q LN?KÔTËnÖyLNÍ/D@ÌÇæéHxBCÕKH�H[Î�?KÎyç�D¨Ë�L�?�ÌmÎ�ÖyLN>pãyæéÔy>(Î[D¨EIËwÔTE�EGD@HKÌTENß è ÖT?KÌyä[E�FIHÇÜ[?�Í�D@B��yLwB�Bn?�Õ
æéHxB.çf?K>pÔm?�ây>@LCÖyLw>@ã!Þ.D�F�Ö�D@ÌTËw>pÔTÎyDpÌyÕ 
9@$��LwB�BIHxB�E-D@Ì�F�ÖyL~?�Ìm?�>@P�EID¨Ewß

ÑKî
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Ðpó�Ó �/ß���÷NÔyLw>@HxENÏ 
&ß �%ß Q LN?KÔTËnÖyLNÍ/D@Ì¦Ï /�ß 
&ß Q ÔyB�ÕKL�EIENÏ�ÑKîKî�õ��Tß 
(Ö�P[ENß �/þ A ÔTË�>Zß 
�?�BIFNß

_Ö�P[ENß�ÒTó�ó�ÛnóNùyÏ & ÖyLwã[Û]ãyÖ ��î�Ú�îyóKófÑKõ '

Ð ÑfÓ A ß ��B�äb?�ÌyDpÛ ��?�Í�LNÎ¦ÏMÜ0ß @«D@Í�HKãMHKÔy>@HxE�?�ÌTÎ �/ß @«çb?�>@DZÏ 
_Ö�P[ENß -¦LwFGFNß�� �0��� & óNùxù � '
Ñ�üxÒ & ÖyLwãyÛZãyÖ �bù �xîKÒxÒyó�õ '-. 
_Ö�P[Ewß Ê Lwç0ß � %�� & ó�ùKùxù ' & ÖyLNã[ÛZãTÖ �bù �KîD��Ò�ÚxÚ�'�ß

Ð ÒbÓ -_ß Ê ?�ÌmÎy?�>@>WÏ Ê ßfÜ�ÔyÌTÎ[B�ÔyÍ!Ï$
_Ö�P[ENß Ê Lwç0ß(-¦L�FIFNß
	�� & óNùxùKù�'mÒxÒD��î£ÖyLwã[Û]ãyÖ ��ùKùxîxõKÑxÑ[ó�.

_Ö�P[ENß Ê Lwç0ß -¦LwFGF�ß�	�� & óNùxùKù '(ÚxüxùKî4ÖyLwãyÛWF�Ö �bùxùKîKüxîKüKÚTß

Ð Ú�Ó /�ß @%ß @�HbP�>pLCLwF«?�>ZßpÏ�
(Ö�P[ENß Ê Lwç0ß �
��� & Ý�?fP�Ñ�îxî�Ú�'�Ï�ÖyLwã[Û]ãyÖ ��î�Ú�îxõKÑKüxÑ
Ð õfÓ4Ü0ß+&(D@Î[LN>pÍ×?KÌ�LwF�?�>ZßpÏ 
9@ � Ñ�îxî�Ú4BILNç�D@LwÞ�Ï�
(Ö�P�ENß�-¦LwFGF�ß�� %��0� Ï�ó & ÑKîKîKÚ�'
Ð übÓ
@4ß%�ºFuÞºH�H�Î¦Ï,/�ß 
&ß Q ÔyB�ÕKLNE�ENÏ &�ß��
D@>@H�F�?xEwÏ	�ºß -�Lwây>@HKÌTÎ¦Ï @4ß0-�HKÌTÎyHKÌí?�ÌmÎáà�ß
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