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ALEPH

DELPHI

L3

OPAL

LEP

91.1893±0.0031

91.1863±0.0028

91.1894±0.0030

91.1853±0.0029

91.1875±0.0021

common:  0.0017

χ2/DoF = 2.2/3

mZ [GeV]
91.18 91.19 91.2

ALEPH

DELPHI

L3

OPAL

LEP

 2.4959±0.0043

 2.4876±0.0041

 2.5025±0.0041

 2.4947±0.0041

 2.4952±0.0023

common:  0.0012

χ2/DoF = 7.3/3

ΓZ [GeV]
2.48 2.49 2.5 2.51

ALEPH

DELPHI

L3

OPAL

LEP

41.559±0.057

41.578±0.069

41.536±0.055

41.502±0.055

41.540±0.037

common: 0.028

χ2/DoF = 1.2/3

σ0  
had  [nb]

41.4 41.5 41.6 41.7

ALEPH

DELPHI

L3

OPAL

LEP

20.729±0.039

20.730±0.060

20.809±0.060

20.822±0.044

20.767±0.025

common: 0.007

χ2/DoF = 3.5/3

     R0
l

20.7 20.8 20.9

ALEPH

DELPHI

L3

OPAL

LEP

0.0173±0.0016

0.0187±0.0019

0.0192±0.0024

0.0145±0.0017

0.0171±0.0010

common: 0.0003

χ2/DoF = 3.9/3

Afb
0,l

0.015 0.02 0.025
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1990-1992

91.1904±0.0065

1993-1994

91.1882±0.0033

1995

91.1866±0.0024

average

91.1874±0.0021

mZ [GeV]
91.185 91.19 91.195
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B ���C9EDGFIHKJ.7C97LNMPORQSM���UT�VQWM.�XJIY[Z#�\M^]7J_O`FIFa�aF�b]bMIY[O`LcDRF_deC�C�VMfJgd`h@ikj1lmh@nNd 5 ?po q � �1r DGMsMftvu�w ? W
x JIO1yeY[zKubF@D{zKuVMfu7J_C|Y}L~DGMIY[O`LsORQ MftKuSDRFgdeC|C�ubMIJ_d x DGJfDRC�ubMIu7J�����hK��tKY[]�t�Y[F x J_u7F_u7LNMfT�dsMftKuSC|ORF_M x J_u7]7Y}FIuFIY[LvZ`T[u�C|u7DRFIHKJ_u7C�u7LNM�ORQ~MItKY[F<�\H~DGL\MIY}MadRh`��Y}Mft�MItKu�F_C^DRT}T[ubF_M<FgdeF_MfubC^D�MfY[]�u7JIJ_O`J:� �aL{DRzKzKY�MfY}O`L�hRikj1lph\DRT[ORLKZ��Y}Mft/MftKu�MfDRH x O`T�DGJIY[FIDGMfY}O`L�C�uEDRF_HKJIubC|ubLNMfF7h�Y[F�MItKu�ORnKFIubJ_yGDRnKT}uSC�O`FgM�F_u7LKF_Y}MIY}y`u�MfO{Mftvu�uV��ub]bMfY�y`uS��u7DR�C|Y��vY}LKZ{DRLKZRT[u�DRC�O`LKZ�MItKuSDRF_deC�C|uVMfJIY}u7Fbhv��Y}MIt���i�jElP� � ��F_Y[Lv �¡�¢ �¤£_¥�W¦ ��aL x JIY[Lv]7Y x T[u�MftKu§DRL~DRT�deFIY[FkY[FkF_MIJfDRY}Z`tNMIQ¨O`Jg��DGJIz�©�ORLKu§]bO`HKLNMfFkMftKu�LeHvC�nªubJIF4OGQ¬«�n�O`FIO`LvF x J_OzKHv]7u7zn\d/T}ubQWMkDRLKz�JIY}Z`tNM�T[O`LKZRY}MfHvzKY[L~DGT[T}d x O`T�DGJIY[F_u7zPu7T}u7]VMfJIORL�nKHvLK]�tKu7Fbh�®�j^DGLKz�®Slmh~Q¨O`J_C|F�MItKu�DRF_deC�C|uVMfJ_dRhDRLKz¯MftKubL(zvY}yeY[zKubF°nNd�MftKuPT}HKC|Y}LKO`F_Y}MadN±X��u7Y}Z`tNMfu7z�u�²³nªu7DRC x O`T�DGJIY[FIDGMfY}O`L�C|DRZ`LvY}MfHvzKuA´¤µ��f¶�±�MItKuPuE·nªu7DRC¸Y[F�LvORM x O`T[DRJIY}FIubzº¹¤FIubu§»=�\H~DGMIY[O`LU¼��¾½R¿RÀ�©
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B tKu�C�uEDGFIHKJ_u7C�u7LNMpJIub�eHvY[JIubF LvOkzvubM�DGY[T[ubz4Å~L~DRT�±aFgM�DGMIu=uby`ubLNM�Y}zKu7LNMfY�Å~]ED�MfY[ORL�©�uE·ªu�²�Å~L~DRT�±aF_MfDGMfu�uby`ubLNMfF<DGJIuJIu7C�O1y`ubz�F_Y[LK]bu4MftKuVds]7O`LNMfDRY[LPLKO`Le±aJIubFIO`LKDRLNM�M_±a]�tKDRLKLKubTÆ]7O`LNMfJ_Y[nKHMfY[ORLKF7hvDRF�DRJIu�DGT[T�OGMftKubJ�n~DR]��\Z`JIORHKLKzKFLKORM�zKHKu°MfO&«(zKub]EDEd��^�XM�Y}FSDRT[F_O/Y}LKFIubLKFIY�MfY�y`u{MfO�DRT[T=DG]7]7u x M�DGLK]7u^DRLKzºubÇ�]7Y}u7LK]Vd�uV��ub]bMIF:���aLºO`JIzvu7J�MfOJIu7T[DGMfu¬i�jEl{DGM<D x DRJgMfY[]bHKT�DGJ�yRDGT[HKu¬ORQ~È�É¨Ê&MIO4D�zvubMfubJIC�Y[L~D�MfY[ORLSOGQvMftvu�ub�ªu7]VMfY�y`u���uEDG��C�Y��Y[LvZ�DGLKZ`T[uGh�MItKuJIu7F_HKT}M@Y[Fk]7O`LNyRu7J_MIu7zAY}L\MIO�D�Ëf«�± x O`T[ubÌ°yRDGT[HKuSnNd/MItKu�D xKx T[Y}]EDGMIY[O`LPORQ=DRL�D xvx JIOE�Y[C|DGMfubT}d�Í ÄÏÎNÐ J_u7T�D�MfY}yRu]7O`J_JIu7]VMfY}O`L/Q¨ORJ�Y[LKY�MfY�DGT�±aFgM�DGMIu�JIDRzKY[DGMfY}O`LsDRLKzsÑKÒv«AY[LNMfubJ_Q¨ubJIu7Lv]7uRh�Ó°i�jEl q �¼ r h
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B tKuU]EDRT}]7HKT[DGMfY}O`LÖORQ�MItKY[Fs]bO`JIJ_u7]bMIY[O`L×J_u7�\HKY}JIu7F/D�Z`OeOezØC|u7DRFIHvJIu7C�u7LNM/ORQ�MftvuAT[HKC�Y[LKORFIY}MadN±Ù��ubY[Z`tNMfubzD1yRu7JIDRZ`us]7ubLNMfJIu�±aORQ�±XC^DGFIF§]bO`T[T}Y[F_Y[O`LUu7Lvu7JIZGd�È�É¨Ê�� B tKu�Ó{ikj1l(]7O`J_JIu7]VMfY}O`L�Y[F�FIC|DRT[T�]bO`C x DRJIubz�MfO&MItKuDRL~DRT}O`Z`O`HKF¬Ú�» o ]7O`J_JIu7]VMfY}O`LKF=Q¨O`J<MftvukT}u x MIO`LKY}]�Q¨O`J_��DRJIze±an~DR]��N��DRJIz^DRF_deC�C|uVMfJgd�C�uEDRF_HKJIubC|ubL\MIF7h\��tKY[T}uFIY[C�Y[T[DRJ<Y}L|F_Y[Û7u�MfOSMftKORFIu@J_u7�\HKY}JIu7z�Q¨O`J=MftKukM�DRH x O`T�DRJ_Y[Û7DGMfY}O`L{DRLKz|nªORM_MfO`CÜ�eHKDRJI��DRFgdC�C�ubMfJ_Y[ubF:� B tKubJIuY[F�LKO{LKu7ubz�Q¨O`JkÚ�Ý o ]7O`J_JIub]bMfY}O`LKF�Q¨O`J�MItKu�C|u7DRFIHKJ_u7C�u7LNMkORQ i�j1l/�Þ O`JkMftKu°z~D�M�D�ORQ�¼1ßRßNà�DRLKz*¼1ßRß`¿vhªMItKu°FIC|DRT}TmMIORM�DRTmJIubT�DGMIY}yRu�F_deF_MIu7C|DGMfY}]�u7J_JIO`J@ORQ Î �¾á`½ Ð Y}F@zKORC|Y�±L~DGMfubzUn\d&MftKu Î �¾½ ÎNÐ JIubT�DGMIY}yRu�F_deF_MIu7C|DGMfY}]�u7J_JIO`J�Y}L&Mftvu°zKubMIu7JIC�Y[LKDGMfY}O`L�ORQ�Mftvu°T[HKC�Y[LKORFIY}MadN±Ù��ubY[Z`tNMfubzD1yRu7JIDRZ`uSu�² x O`T[DRJIY}FfDGMIY[O`L�h\��Y�MftsMftvuSF_u7]bO`LKz/T�DRJ_Z`u7FgM�u7JIJ_O`J7h Î � �`ß Ð hKDRJIY}FIY[LvZ§Q¨JIO`CHKLK]7ubJ_MfDRY[LNMfY}u7F�Y}LPMItKuzKubMIu7JIC�Y[LKDGMfY}O`L�ORQ�MItKu^T}HKC�Y[LKO`F_Y}MadN±X��u7Y}Z`tNMfubz�DEy`ubJfDRZ`u^]7u7LNMIJIuV±XORQ�±aC|DRF_F�u7LKubJIZRd��AâL\HKC�n�u7J§ORQ�C�HK]�tFIC|DRT[T}u7Jm]7O`LNMfJ_Y[nKHMfY[ORLKFmMIO@Mftvu�F_deFgMfu7C|DGMIY[]�ubJIJIORJ�Y[FmzKY}FI]7HvFIFIubz{nªubT[O1�f� B tKu�JIu7T[DGMfY�y`u¬F_MfDGMfY}F_MfY}]EDRT\ubJIJIORJ�O`L
à`à



i�j1l/Q¨JIO`C�DRT[T�z~DGMfD§Y[F�DRnªORHvM4¼��	� Ð �=�aLs��t~DGM�Q¨ORT[T[O1��FbhF_O`C|u@ORQpMftKu4zvubM�DGY[T[F�ORQpMftKu@i�j1l�C|u7DRFIHKJ_u7C�u7LNMDRJIukzKu7F_]7J_Y[n�u7zsDRLvz^FIORC|uktKY[FgMfO`J_Y[]7DRTK]7ORL\MIuV�eM�Q¨ORJ¬MItKu�ikj1l x J_O`Z`JfDGC|C�u�DGM�w��mÝ��`w�� o Q¨JIORC¸¼1ß`ßNÍ�HKLNMfY}T¼1ß`ß`¿°Y[F x JIO1yeY[zKubzP�
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�aL°wub]bMfY}O`L{¼���¼�� Íeh�MItKu�O x ubJfDGMIY[O`L�ORQeMftvu�w��mÝUY[FÆnKJ_Y[u-,vd�O`HvMfT}Y[LKubz�h�DRLKz Þ Y}Z`HKJIu�¼��/. x JIO1yeY[zvu7FmDkF_]�tKu7C|DGMIY[]ORQ=MftKu�C^DG]�tKY[LKu�� B tKu°w��mÝ x J_OzKHv]7u7z&T[O`LKZRY}MfHvzKY[L~DGT[T}d x O`T�DRJ_Y[F_u7z/u7T[ub]bMIJIO`LKF�nNd�Y}T[T}HKC|Y}L~DGMIY[LKZ°D10SDGâ@F
x tKORMIO]7DGMftKOezKu���Y}Mft�]7Y}JI]7HvT�DRJ_T}d x O`T�DGJIY[F_u7zºT[Y}Z`tNM x JIOezKHK]7ubz*nNd�D B Y�±gwD xKx tKY}JIu�T�DRF_u7J4� Þ O`T}T[O1��Y[LvZPMItKuDRzvy`ubLNM�ORQ�tvY[Z`t x ORT�DRJ_Y[FfD�MfY[ORLºË_F_MIJfDRY}LKu7z|T�DGM_MfY[]bu7Ì20�DRâ@F x tKOGMfOe]EDGMItKOzvu7F�Y}L�¼Eß`ß3. q ¿`á r h\��tKubJIu@C�u7]�tKDRL±Y[]EDGTKF_MIJfDRY}L°Y[LKzKHv]7u7z�Y[L{D Î ��¼54�C60�DRâ@F=T[D1dRu7J�T[Y�QWMfF�DRL�DRLKZ`HKT[DRJ<C�O`C�u7LNMfHKC	zKubZ`u7LKubJfDR]Vd{Y[L°Mftvu�yRDGT[u7Lv]7un~DRLKz�OGQ<MftKu�C^D�Mfu7J_Y�DRT hvMftvu�DEy`ubJfDRZ`u�u7T}u7]bMIJIO`L x O`T[DRJIY}FfDGMIY[O`LPD�M�MItKu§u7·�u�²UY}LNMfu7JIDR]bMIY[O`L x O`Y[LNM§¹¤��7¬À���DRFY[L�Mftvu�JIDRLKZ`u°à�� Ð MIO/à`à Ð hÆO`LKT�d&F_T[Y}Z`tNMfT}d/T}O���u7J4MIt~DRLAMftvu�yRDGT[HKu x JIOezKHK]7ubz�D�M4MftKu°F_O`HKJ_]7uRhpF_u7u Þ Y[Z�±HKJIu/¼��¾½�� B tvu|]bO`JIJ_u7F x O`LKzvY[LKZ x ORT�DRJ_Y[FfD�MfY[ORL�JIubFIHKT�MfF���ubJIu^DRnªORHvM§Í`Í Ð Y}L³¼Eß`ßNÍ�HKFIY}LKZ�DRL�HvLKF_MIJfDRY}LKu7zË_nKHKT}�eÌ80SDGâ@F�]EDGMItKOzvuRh�DRLKzØá�� Ð Y[L ¼1ß`ß���HKF_Y[LKZ�D Î �	�34�C FgMfJfDGY[LKubz±aT[D1dRu7J�]EDGMItKOezKu�zvu7FIY}Z`LP� B tKuu7T[ub]bMIJIO`L�tvu7T[Y}]7Y�Mads��DRF�]�tKO`F_u7LUJfDRLvzKO`C�T}d x HvT[FIu�±XMIOG± x HvT[FIu�DGMkMftKu�C^DG]�tKY[LKu�JIu x uVMfY}MIY[O`L/JfD�Mfu§OGQ�¼�Í Î:9 Ûn\dP]bO`LNMfJ_O`T[T}Y[LKZ§MItKu�]7Y}JI]7HvT�DRJ x O`T[DRJIY}FfDGMIY[O`L�OGQ MItKu�FIO`HKJ_]7u�T�DGFIu7J4�B tKuUubT[u7]VMfJ_O`L F x Y}L ORJIY[ubLNM�DGMIY[O`LØ��DRFPT[O`LvZ`Y}MIHKzKY[LKDRTkDGMsMftKuUF_O`HKJI]buºDRLKz JIubC^DRY}LKu7z T}O`LKZ`Y�MfHKzKY}L~DRTHKLNMfY[TpY�Mk��DRF@MIJfDRLvF x O`J_MIu7z�MIO|MItKu§z~DGC x Y}LKZ{JIY}LKZ�¹ o<; À � �aL�MftvY[FkT[Y[LKDR]V±ÙMfOG±XJIY[LvZP¹=� B�; À�MfJIDRLKF x O`JgM@T}Y[LKuGhMftKu�ubT[ub]bMfJ_O`L�F x Y[LKF x JIub]7ubFIFIubz³tvO`JIY}Û7O`LNM�DGT[T}d�zKHKu^MIO&MftKu|zKY x O`T}u|n�u7LKzvY[LKZ�C|DRZ`LvubMfFbh ��tKubJIu�MItKu^F x Y[Lx JIub]7u7F_FIY}O`L�DRLvZ`T[u�Y}F=Z`Y}yRu7L{Y[L°MIu7JIC�F=ORQ�MftKu�DGLKO`C|DRT[O`HvF<C^DGZ`LKubMIY[]�C�O`C�u7LNME© ¡7£?>}�¤É¨�A@B@DCFEHG�Á�¹JI ²    ÀLKM ¡ON��PGRQ#�S d�zKubFIY[ZRL�h1MftKu=n�u7LKz�DRLKZRT[u=¡ON��AG?Q¬JIubFIHKT�Mfu7z�Y}L4MfJfDGLKF_yRu7JIF_u�F x Y[L�O`J_Y[ubL\MfDGMfY}O`L�DGMÆMItKu=u7LNMIJfDRLK]bu=MfO�MftKuT� B�;F x Y}L�J_ORM�D�MfO`J<C|DRZ`LvubMq� B tKY[F=F_H x u7JI]bO`LKzKHv]bMfY}LKZ�FIO`T}u7LKORY[z°C|DRZ`LKuVM<��DGF¬HvFIu7z°MIOSJ_ORM�D�Mfu�MItKu x ORT�DRJ_Y[FfD�MfY[ORLDRnªORHvM<Mftvu�nªu7DRCÜzKY}JIub]bMfY}O`L�Y}L\MIO4MftKu�yRu7JgMfY[]7DRTvORJIY[ubLNM�DGMIY[O`L§Q¨ORJ<F_MIO`JfDRZRu�Y[L§MItKu o<; � B tKY[F ��DRF�LKub]7ubFIFfDGJ_dDRF¬DRLNd{tKO`JIY}Û7O`LNMfDRTKF x Y[L�]7O`C x ORLKu7LNMfF x J_u7]bu7FIF_u7z�JID x Y}zKT}d�DRLKz°��ubJIu�]7O`C x T[uVMfubT}d�zKY[F_FIY x DGMfubz|zKHvJIY[LvZ�MItKu¿
� ��C�FIu7]@¹g¼U�¼�Í Î FIub]7O`LKzvF�ÀmFgMfO`JIDRZ`u=MfY}C|u=zvHKu¬MIO@ubLKu7J_ZRd�F x J_uEDRz�Y[L�MftKu¬nKHKLv]�tP� B tKu x ORT�DRJ_Y[FIubz�u7T[ub]bMIJIO`LnKHKLK]�tKubF�]7O`HvT[z&n�u§FgMfO`J_u7z�Y}L&O`Lvu§ORQ<Ma��O x O`FIF_Y[nKT}u�]bO`LvÅ~ZRHKJfDGMIY[O`LvF�nNdPMftKu�JIuVy`u7J_FfDRT�ORQ<MftvuV� B�; F x Y[LJIORMfDGMfO`JkFIORT[u7LvO`Y[z/C^DGZ`LKubM:� B tKubFIu�J_uby`ubJIFIDRT[FbhªMad x Y[]7DRT[T�dszKO`Lvu�DGMkMftKJ_u7u�C|O`LNMIt&Y[LNMIu7J_yGDRT}F7h~��u7JIu�HKFIuVQ¨HKTQ¨O`J4Y[zvu7LNMfY�QWdY}LKZ�DGLKzAC|Y}LKY[C�Y[F_Y[LKZ�MItKu�F_C^DRT}T�¹XWP¹ ¼ Î ²ZY�ÀIÀ x O`T�DGJIY[FIDGMfY}O`L�DRF_deC�C|uVMfJIY}u7F x JIOezKHK]bu7zUDGM4MItKuFIO`HKJ_]7u��B tKu�ubT[ub]bMfJ_O`L�F x Y[L���DRF<y`ubJ_MIY[]EDGTvY[L�MftKu�T}Y[L~DG]�DRLvz°t~DRz�MfO�n�u�J_u7O`J_Y[u7LNMIu7z�Q¨O`J C^D��Y}C^DRT\T}O`LKZ`Y�MfHKzKY}L~DRTx O`T[DRJIY}FfDGMIY[O`L&DGM�Mftvu���7 �mw x Y}LAC^DRLvY x HKT[DGMfY}O`L���DRF x O`FIF_Y[nKT}u°zKHKJIY}LKZ�MfJIDRLKF x O`JgM�MftKJ_O`HKZ`tUMftvu°u7T[ub]bMIJIO`LDRJI]snNd�ubC x T[O1deY[LKZ/Ma��OUT�DGJIZ`u�y`u7JgMfY}]EDRT�n�ubMfDGMfJ_O`L*O`F_]7Y[T}T�DGMIY[O`LvFSY}L�Mftvusnªu7DRC ORJInKY�MP¹7ËgF x Y}L*nKHKC x FIÌ\À �â@F�MftvusnªuVM�DGMIJIO`L x t~DRFIuPDGzvyGDRLK]7us]bT[O`F_u7T�d�C|DGMf]�tvu7z�MftvusF x Y}L x JIub]7u7F_FIY}O`L�h�¼ Î ¿ Î DRLKz ¼ Î ¿N½/zKu7Z`J_u7ubF7hJIu7F x ub]bMIY}y`ubT}dRh Y}LAuEDR]�tºORQ¬MftKu�Í��sn�u7LKzvY[LKZG±XC^DGZ`LKubM�DRFIF_u7C�nKT}Y[ubF�¹7ËIDR]�tvJIO`C|DGMfF_Ì\À�HKF_u7zºY[LAMftvu{DRJI]GhpMItKuu7T[ub]bMIJIO`L�DRJI]�O x u7JIDGMfubz�]7T[ORFIu=MfOkD�F x Y}L±XMIHKLKu=JIubFIO`LKDRLK]7uGh`DRLvz�tKubLK]7u�DRL�Y}MIu7JIDGMfY�y`u=F x Y[LSnKHKC xSx JIOe]7u7zvHKJIu��DRF�ub�ªu7]VMfY}yRu^Y}L�O x MfY[C�Y[F_Y[LKZs��7 x O`T[DRJIY}ÛEDGMIY[O`L q ¿Nà r ��â@F�D�J_u7F_HKT}M7h u��v]bu x MIY[LKZ�Q¨O`J�MftKu�¼1ß`ßNÍsJIHKLvLKY[LKZvhMftKu{Ma��O�DRzKzKY�MfY[ORL~DRT=w � Ý	F x Y}L�JIOGM�DGMIO`J�FIO`T}u7LKORY[zKF�T[Oe]ED�Mfu7zºzKO1��LKFgMfJIu7DRC ORQ�MItKu�z~DRC x Y[LKZPJ_Y[LKZP��ubJIuLKORM|LKu7]bu7FIFIDRJ_d(Q¨O`J�F x Y}L³ORJIY[ubLNM�DGMIY[O`L(DRLKz(��ubJIu�HvFIu7zÖO`LKT}d�Y[L³D�FIubJIY}u7F�ORQ4F x ub]7Y�DGT[Y[F_u7z x ORT�DRJ_Y[FfD�MfY[ORLuV� x ubJIY}C|ubL\MIF:�
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x DRFIF_u7z�MftKJ_O`HKZ`t�D4MftKY}L°��Y[LKzKO1�ÖDRLKz�O`HvM�ORQ MItKu�nªu7DRC|T}Y[LKu¬yGDR]7HKHvC�Y[LNMfOSD4LKY}LKuV±X]�t~DRLKLvu7TKMfJIDRLKFgy`u7J_FIubT}dFIu7ZRC|ubL\MIu7z�Z`DRF�Ý�tKu7J_u7LK�GO�y�zKuVMfu7]VMfO`Jbh u7DR]�t�]�tKDRLKLKubT�]bO�yRu7J_Y[LKZº¼|]bC � S dAzvubMfub]bMIY[LKZ/MftKu|Ý�O`C x MfORL±FI]ED�MIMfubJIubz�u7T}u7]VMfJIORLKF4��Y}MItUD�Ý�tvu7JIubLK�RO1yUzKuVyeY[]7u°��tKORFIu°MftKJ_u7F_tKO`T[zA��DRFSDRn�O`HvM°¼`¼ ��u��{h�MftKu°]bO x Y}O`HKFFIORQWM¬n~DR]��\Z`J_O`HKLKzvF�O`J_Y[Z`Y}L~DGMIY[LKZkQ¨JIO`C	MftKu�n�uEDRC°±an�uEDRC�Y[LNMfubJfDR]VMfY}O`LKF�DRLKz°Q¨J_O`CÜFgdLv]�tKJIORMIJIO`L|JfDRzvY�DGMIY[O`L�h��ubJIuSzKJfDRC|DGMIY[]EDGT[T}d�J_u7zKHK]bu7z �B tKusC�Y[LvY[C�HKC ubLKu7J_ZRd×¼�à Ä . 0�u���ubT[u7]VMfJ_O`LKF7h¬]7ORJIJIubF x O`LKzKY}LKZ�MfO�Q¨HvT[T�nKDR]��\FI]ED�MIMfubJIY}LKZKh�Z`u7Lvu7JfDGT[T}dQ¨u7T[TªY[LNMfO�MftKu�à�Mfts]�t~DRLvLKu7T�¹¨FIubu Þ Y[Z`HvJIu�� � ÍGÀ � â�M�MItKY[F x O`Y}L\M�Y[L^MItKu4ubT[u7]VMfJ_O`LsF x u7]VMfJIHvC�h�eLvO���L�DRF�MItKuËfÝ�O`C x MfO`L*ubzKZ`ubÌKh<MftKu x O`T[DRJIY}FfDGMIY[O`L�DRFgdC�C�ubMfJgd�Q¨HvLK]bMIY[O`L�J_uEDR]�tvu7z¯Y}MIF�C^D��vY}C�HKC yGDRT}HKu�ORQ Î � à .N¿ �â�L\HKC§nªubJ�OGQ�uV��ub]bMIF7h�Y}LK]7T}HKzKY[LvZ�u7T}u7]bMIJIO`L¯F_]EDGM_Mfu7J_Y[LKZ�DRLKz¯F_tKO1��ubJIY[LvZ�Y}L¯MItKuPzKubMIu7]VMfO`J�DRLKz¯Y}L¯MItKuzKubMIu7]bMIO`J�yeY[]bY[LKY�Mad`h�FIY}Z`L~DRTkJIubF x O`LKFIuUY}LÖMftKuAzvubMfub]bMIO`J7h�DRLKz n�uEDRC F_MIu7u7J_Y[LKZ¯DGLKz×Q¨O]bHKFIY}LKZKh�MfubLKzØMfOFIT[Y}Z`tNMfT�d{FIC�uEDRJ¬MftKu�DGF_deC|C�ubMIJ_d{Q¨HKLK]VMfY}O`L � wC|DRT}T�zvubyeY�DGMIY[O`LvF�Q¨JIORC MItKu�MItKu7ORJIubMIY[]7DRT�Ý�ORC x MIO`L�ubLKu7J_ZRdzKu x u7LKzvu7LNM�DRFgdC�C�ubMfJgd°Q¨HKLK]VMfY[ORL�h\ORQ�O`J_zKu7Jk¼ Ð LvuEDRJ�MftKu@Ý�O`C x MfORL|ubzKZ`uRhe��ubJIu�zKubMIu7JIC�Y[Lvu7z�n\d�C�Oze±u7T[T}Y[LKZ{Mftvu§zKuVMfu7]VMfO`J@JIu7F x ORLKFIu§Q¨HvLK]bMIY[O`LKFkQ¨O`JkuEDR]�t�OGQ=MftKu�LKY[LKu�]�t~DRLKLvu7T[F � â�LA» 0�w .|FIY}C�HKT�D�MfY[ORLP��DRFHKFIubz�Q¨O`J�MftvY[F�]EDGT[]7HvT�DGMIY[O`L�he��tKY[]�t/Y[Lv]7T[HvzKu7z�D°zKubMfDRY[T}u7z���O`LNMfu§Ý�DRJ_T[O{ORQmMftKuSzKubMIu7]VMfO`J�Z`ubO`C|uVMfJgdPDRLKzJIu7T}ubyGDRLNM�nªu7DRC|T}Y[LKu§u7T[ubC|ubLNMfF7hpMftvu^Ý�tvu7JIubLK�RO1y�T[Y}Z`tNM�Z`u7Lvu7JfD�MfY[ORL�DRLvzºMIJfDRLKF x ORJ_MEh DRLKzUMftvu�C|DRZ`LvubMfY}]F x u7]bMIJIO`C�ubMIu7J q ß Î h¨ßv¼ r � B tKu�zKuVMfub]bMfORJ���DRF¬C|ORHKLNMfu7z{O`L|D�C|O1yGDRnKT}u x T[DGMIQ¨O`J_CÜDGLKz�MItKu�Ý�O`C x MfO`L{ubzKZ`u��DRF{F_]EDRLKLvu7z(DR]7J_O`FIF°F_ubyRu7JfDGT�]�t~DRLKLKubT[F{DGM�JIu7ZRHKT�DRJ�Y[LNMfubJ_yGDRT}F�Y[L�ORJIzKubJ§MfOA]bO`LKF_MIJfDRY}L�MftKusY}LKzKY�yY}zKH~DRT]�t~DRLKLKubT�ZNDGY[LKFbh~C|O`LvY}MfORJ�MftKu�T[Oe]EDGMIY[O`LsORQ�MftKu§Ý�O`C x MfO`L/u7zvZ`u�DRLvz�MfO|uV� x u7JIY}C|ubLNM�DRT}T}d�]bO`LKFgMfJfDGY[L�MItKuzKubMIu7]bMIO`J ��F x u7]bMIJIO`C�ubMIu7J�FIY}C�HKT�D�MfY[ORL � Þ O`J°uEDR]�t¯ubzKZ`uPFI]7DRL�h�DUC§HKT}MIY�± x DRJfDRC�ubMIu7J�ÅKM°MfO�MItKuP]�t~DRLKLvu7T
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Þ Y[Z`HvJIu � � ¼R©mâ³]7O`Lv]7u x MfH~DRTezKY[DRZ`JfDGC ORQKMftvu�w�� o Ý�O`C x MIO`LV7mO`T�DRJ_Y[C�ubMIu7J � B tKu�T�DRF_u7Jmnªu7DRC/hR]7ORLKFIY}F_MfY}LKZORQª½ �NÍ�LvC	��DEy`u7T}u7LKZGMft�¿@LKF x HKT[F_u7F x J_OzKHv]7u7z{D�M�¼�à 9 Û�DRLKz{D x u7DR� x O1��ubJ<ORQ~Mad x Y}]EDRT}T}d§Í`½ � � h���ubJIu]7Y[J_]7HKT[DRJIT�d x O`T�DRJ_Y[F_u7z|DRLKz|MIJfDRLvF x O`J_MIu7z�Y}L\MIO�]bO`T[T}Y[F_Y[O`L°��Y}MIt�MItKu@ubT[ub]bMfJ_O`L^n�uEDGC�D�M�DS]7JIORFIFIY}LKZ�DGLKZ`T[ukORQ¼ Î C�JfDRzsD xKx JIOE�Y[C|DGMIu7T}d � Î C|uVMfubJIF�Q¨J_O`C)MftKu@��7 � Þ O`T}T[O1��Y[LvZSMItKu@T[DRFIubJ �GubT[u7]VMfJ_O`L±an�uEDGC ]bO`T[T}Y[F_Y[O`L�h`MItKuu7T[ub]bMIJIO`LKF�DRLKzPÝ�ORC x MIO`L±XFI]ED�MIMfubJIubz x tKORMIO`LKFbh��tKY}]�tsDRJIukF_MIJIO`LvZ`T}d�n�OO`FgMfubz�DRT}O`LKZ�MftKu�u7T[ub]bMIJIO`L�n�uEDGCzKY[J_u7]bMIY[O`L�h�]7ORL\MIY[L\HKu�zvO���LvF_MfJ_uEDRC HKLNMfY}T�DGL~DRT}deF_Y[LKZ�nªubLKz�C|DRZ`LKuVMfF§zvu-,~ub]bM�MItKuPÝ�O`C x MfORL±aF_]EDGM_Mfu7J_u7zu7T[ub]bMIJIO`LKF�Y[LNMfO§DSMIJfDRLKFgy`ubJIFIubT}dN±aF_u7Z`C�u7LNMIu7z�Ý�tKu7J_u7LK�GO1y�zKuVMfu7]VMfO`J � B tKu x tKORMfORLKF�]bO`LNMfY[L\HKu�HKLKzKu ,~u7]VMfubzDRLKz DRJ_u�zKubMIu7]VMfu7z nNd×D�ZNDRC�C^Dº]7O`HKLNMIu7JU¹P7	0SÝ�À^DRLvz D�]EDRT}O`JIY}C|uVMfubJ�¹ Ú Þ Ý�À���tvY[]�t DRJ_u�HKFIubzØMfO]7JIORFIFg±X]�tKu7]��PMftvu x O`T[DRJIY}C|uVMfu7J�]EDRT}Y[nKJIDGMfY}O`L �
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FI]EDGLsz~DGM�DSQ¨O`J¬MItKu�¼1áSFI]7DRL x ORFIY}MIY[O`LvF���DRF x u7JgQ¨O`JIC�u7z|MfO§zvubMfubJIC�Y[LKukMftKu�nªu7DRC x O`F_Y}MIY[O`L�h`MItKu4J_u7T�D�MfY}yRu]�t~DRLKLKubT�Z`DRY[LKF�OGQ�DPFIubM�ORQ�O`HvMIu7JS]�t~DRLKLKubT[F^¹¤HKF_H~DRT}T}d`hp]�t~DGLKLKu7T}F�½1± ¿NÀ�hpD/LKORJIC|DRT[Y}ÛEDGMIY[O`L�¹¤T[HvC|Y}LKO`FIY�MadvÀDGM�uEDR]�t x T[DGMIQ¨ORJIC x O`F_Y}MIY[O`L�hªDRLKzAMItKu x ORT�DRJ_Y[FfD�MfY[ORL x J_OzKHv]bM4µ���µ�� � Þ JIO`C MftKubFIu�ÅKMIF7hÆMftvu°JIu7T}Y�DRnvY[T[Y�MadORQ�MftKu°F_Y[C�HKT[DGMfY}O`LP��DRF4MIu7FgMfu7z � Þ O`J4u��KDGC x T}uRh�MftKu°C|DRY[L�]EDRHvFIu{ORQ�MftKu§FIC|DRT[TmzKubyeY[DGMfY}O`LKF@Q¨J_O`C�Y}zKuEDGTJIu7F x ORLKFIu{Q¨HKLK]VMfY[ORLKF�DRJIORFIu°zKHKu�MIOPFItKO1��u7JIY}LKZ/Y[LUD�T[u7DRz x JIu�±aJIDRzKY�D�MfO`J�Y[L�Q¨JIORL\M�OGQ¬MItKu{zKubMIu7]VMfO`J4MIt~DGMt~DRz¯nªubu7L(Y[LKFgM�DRT}T[ubz�MfOAO x MfY[C�Y[Ûbu^F_Y[Z`L~DGT�MfOALvO`Y[F_u � B tvu/J_u7F_HKT}MIY[LKZ�F_C|u7DRJIY}LKZAORQ�MftvuPDR]7]bu x MfDRLK]7u/ORQuEDR]�t�]�tKDRLKLKubT���DRFSFItKO1��L�MIO�n�u°��ubT[T�C�OzKubT[ubzU��tvu7L�]bO`C x DRJIubzº��Y�MftUMftKu�u7zvZ`uV±XFI]EDGL�z~DGMfD � â@zKzKY�±MfY[ORL~DRT�]bJIO`F_Fg±X]�tKu7]��\F§MIJfDR]��Gu7z�MItKu°F_MfDRnKY}T[Y}Mad�ORQ¬MftKu{DGL~DRT}deF_Y[LKZ x O1��ubJIFSzKHKJIY}LKZsMfY}C|u x ubJIY[OezKF�n�ubMa��u7ubLu7zKZ`u/FI]7DRLKF�¹¨Q¨O`J{uV�vDRC x T}uRh�MftKu/JfDGMIY[O`F{n�ubMa��u7ubLØFIubT[u7]VMfubzÖ]�t~DRLvLKu7T�DRF_deC�C|uVMfJ_Y[u7F°��u7J_u&C�O`LKY}MIO`JIubz À �; u x JIubFIu7LNMfDGMfY�y`u�z~D�M�DPFItKO1��Y[LvZ�Mftvu|]bO`JIJ_u7]bMIu7z�Ý�O`C x MfO`L�DRF_deC�C|uVMfJgdºDRFS��u7T}T¬DRF�MftKu�C^DGZ`LKY}MIHKzKu{ORQMftKu�]7O`J_JIu7]VMfY}O`L�hªDRF@D{Q¨HKLK]VMfY[ORL&ORQ x O`F_Y}MIY[O`L�DRLKz�FI]ED�MIMfubJIubzAu7T[ub]bMIJIO`L�u7LKubJIZRdRhªY}F�F_tKO1��LAY[L Þ Y[Z`HvJIu � � Í �B tKu7J_u�Y}F�Z`OOez/DRZ`J_u7u7C�u7LNMkn�ubMa��u7u7L/MftKu�]bO`JIJ_u7]bMIu7z&DRF_deC�C|uVMfJ_d�DRLKzPMftKu�z~D�M�D°Y[LPuEDG]�t&]�t~DRLvLKu7T �
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Þ Y[Z`HvJIu � � Í©�Ý�ORC x MIO`LAFI]7DGMIMIu7J_Y[LKZ/DRFgdC�C�ubMfJgdADRF�D^Q¨HvLK]bMIY[O`LUORQ¬]�t~DRLvLKu7T x O`FIY�MfY}O`L � B tKu{zKu-,~ub]bMIY[O`LORQ�MftKusubT[u7]VMfJ_O`L*nªu7DRC Y[L�Mftvu�F x u7]VMfJIORC|uVMfu7J°Y}F�FItvO���L¯O`L�MItKustKO`J_Y[ÛbO`LNM�DRT�D��Y[F°DGF�MftKu�zvY[F_MfDRLK]busY[L
C|C Q¨J_O`C!Mftvu|]bu7LNMfJ_u^ORQ�MftKu�zKubMIu7]VMfO`JS]�t~DRLKLvu7T[Fbh�u7DR]�tØ¼�]7C ��Y[zvuRh MIO/MItKu x DGMftºORQ�D�tNd x ORMItKubMIY[]7DRTY[LvÅ~LvY}Mfu@C|O`C�u7LNMIHKC�ubT[ub]bMfJ_O`Lsn�uEDRC � B tKu�Y[LvFIubM�FItKO1��F�MftKu�F_ubyRu7L&Y}LKLKubJ�zKubMIu7]VMfO`J�]�t~DGLKLKu7T}F7h~F_Y[Û7ubz�MfOC^DGMI]�t�MItKu|tvO`JIY}Û7O`LNM�DGT¬F_]EDRT}u � B tvu x u7JS]�t~DRLKLKubT�DGF_deC|C�ubMIJ_dUz~D�M�D�Y}F x T[ORM_Mfubz�DRFSO x u7L�]bY[J_]7T[ubF7h DRLKzMftKu�]7O`J_JIu7]VMfubzADRF_deC�C|uVMfJgdsQ¨HKLK]bMIY[O`L�Y[F�Mftvu§FIORT[Y[zP]bHKJ_yRu � B tKu§J_u7T�D�MfY}yRu�FIY[Ûbu�OGQ<MftKuS]7ORJIJIub]bMIY[O`L/MfO|MItKuMftKubO`JIuVMfY[]7DRTmÚ�» o ]7DRT[]bHKT�DGMIY[O`L^Y[F�Y[LvzKY[]7DGMfubz/nNd�MItKu�z~DRF_tKu7z�]7HKJgy`u�DRLKzPMftKu�JIY}Z`tNM_±XFIY[zvu@y`ubJ_MfY}]EDRTÆF_]EDRT}u �
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o uVMfu7]VMfO`J�uV��ub]bMfFSFIHv]�t�DRF�LKO`Le±aT[Y}LKuEDGJIY}Mad�Y[LAMItKu{u7T[ub]bMIJIO`LKY}]7FSDRLKz��GO`J�MftKu x tvORMfO`C§HKT}MIY x T}Y[u7J�MfHvnªubF7hDRLKzAu7T}u7]VMfJIORLKY[]SLKO`Y}FIuRhªC^DGY[LKT�dszKHKu§MIO x Y}]��eH x Q¨JIO`C"Mftvu�T�DRF_u7J4Ú@±XF_��Y�Mf]�t�HKF_u7z�MIO x JIOezKHK]bu§Mftvu�FItKORJ_MtKY[Z`t x uEDG� x O1��u7J°T[DRFIubJ x HKT[F_uRh¬DRJ_usC|u7DRFIHKJ_u7z*Q¨JIORC Mftvusz~DGM�D � Þ Y}JIF_MIT}dRh<MftKustKY}Z`tKT�dºyGDRJ_Y�DRnvT[u^u7·�u�²]7O`T}T[Y[F_Y[O`Le±aJIubT�DGMIu7zUn~DR]��\Z`J_O`HKLKzvF�Y[LºMftKu x O`T[DRJIY}C|uVMfu7JbhmDRF§��u7T[T�DRFSMftKu^yGDRJgdeY[LKZ�Ý���7	T}HKC|Y}LKO`F_Y}Mad`h x J_OG±zKHK]7ubz{FIY[ZRL~DRT[FpO1y`ubJ�Dk��Y}zKu�zvdeL~DGC|Y}]�JfDGLKZ`u�Y}L§u7DR]�t°]�t~DRLKLvu7TÙhG��tKY[]�t°DGT[T[O1��u7z§Q¨ORJ�DRL§ub�ªu7]bMIY}yRu�T[Y}LKuEDRJ_Y}MadC|u7DRFIHKJ_u7C�u7LNMEh�DRF�F_tKO1��L&Y}L Þ Y[Z`HKJ_u � � � �
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Þ Y[Z`HvJIu � � �v© B tvu§T[Y}LKuEDGJIY}Mad^ORQ<]�tKDRLKLKubT<à{Y[F�FItKO1��L&Q¨ORJ�D°��Y[zvu�JIDRLKZ`uSORQ<zvubMfub]bMIO`J�nKDR]��\Z`JIO`HvLKz�T[uVy`ubT[F¹¤uV� x J_u7F_FIu7z�tKu7J_u°Y[L x u7zKubF_M�DGT<FIHKnMfJfDG]bMfubz�â o Ý ]bO`HKLNMfFfÀ � 7=T}ORMIMIu7zAO`L�MItKu�y`ubJ_MfY}]EDRT<D��Y[F4Y}F4MftKu�Q¨HKT}T}d]7O`J_JIu7]VMfubz x ORT�DRJ_Y[FfD�MfY[ORL§JIubFIHKT�MEh\LKO`J_C^DGT[Y[F_u7z°MfO�MItKu�ËgÛ7u7J_O�nKDR]��\Z`JIO`HvLKzKÌ§]7DRFIu � B tKukJIu7F_HKT}M�tvu7JIukY[F�F_u7u7LMfO/nªu�]7O`LvF_M�DGL\MSMfOP��Y}MItKY[L Î � Í Ð O1yRu7J�MftKu{Q¨HKT[T�JfDRLKZRu � ; HKLKLvY[LKZ/]7O`LvzKY}MIY[O`LKF4yGDRJ_Y[ubzU��Y}zKu7T�d`hmnKHvMSO`LD1yRu7JIDRZ`u���ubJIu�D°MIORM�DGT�JIubF x O`LKFIuSORQ<½ Î`Î ]7ORHKLNMfF7h Y}LK]7T}HKzKY[LvZ � Î`Î ]7O`HvL\MIF�ORQ�F_Y[Z`LKDRT �
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wO`HKJ_]7u ������� ������� �������
	���� ������ ��������	����
®�j ½h¾Í`ÍRá Í`àeh Í`ÍR½ ½`Íh�¼�àRß ÍRßvh Î ¼1á ¼1¿ �vh � �N½
®�l .KhÏß`ß`¿ Í`Íeh}¼1á`à .K¼`h .NáN½ Í`ÍhÏ¿N½`à ¼5.N¿vh¾Í`½Rß
ikÊ ÎvÄÏÎ Í`Í � ÎvÄ ¼ Î Í . ÎvÄ ¼`¼5.L. ÎvÄ ¼`¼1¿Nà ÎvÄ ¼ Î ½R¿

� ÎvÄÏÎ`Î ßRß � ÎÄ¾Î`Î .\½ � ÎÄ¾Î`Î �NÍ � ÎvÄÏÎ`Î .3. � ÎvÄÏÎ`Î ¼�à	 N���{¹ Ð À ¼ Ä . ÎÄ Í`½ ÎvÄ ¼`¼ ÎvÄÏÎ ÍRß ÎvÄÏÎ .\Í
�{¼ Ä . � ÎvÄ ¼ Î � ÎvÄ¾Î ¿ � ÎÄ¾Î Íe¼ � ÎvÄÏÎ �NÍi N��� ÎvÄÏÎ �v¼ ÎvÄÏÎ ½`½ ÎvÄÏÎ � � ÎvÄÏÎ Í �

� ÎvÄ¾Î ¼ Î � ÎÄ¾Î Íe¼ � ÎÄ¾Î ÍGá � ÎvÄÏÎ Í`Íi��º¹g¼ Î ²ZY�À ¼ Ä ¿ ÎÄ �`¿ ÂS¼ Ä ß Ã ÎvÄ¾Î � Â�¼ Ä �
� . Ä Í � ÎÄ ½ Î � ÎÄ � � ÎvÄ ½ Î � ÎvÄ ài��Ø¹g¼ Î ²ZY À Â@ÍRß Â � � Ã�Í . Ã�ÍRß Ã�ÍR¿

�c¼ �c¼ Î �#.�� �ØáRß
i K ¹g¼ Î ²ZYVÀ ÎvÄÏÎ`Î .3. ÎvÄÏÎ`Î ßNÍ Â ÎvÄÏÎ`Î`Î ¼ Ã ÎvÄÏÎ`Î ÍG¿

� ÎÄ¾Î`ÎRÎ ¼ � ÎÄ¾Î`ÎRÎ Í � ÎvÄÏÎ`Î �`½ � ÎvÄÏÎ`Î ¼5.È�É¨Ê ����� K����
���� K������ ÂS¼ Ä ß ÎÄ¾Î Í ÄÏÎ . Ä �
�×Í Ä ½ ��� ÄÏÎ �ØÍ Ä ßi�� Î Î Î Î Î

µ�£^¹g¼ Î ²ZY À � ÎvÄ ¼Eá � ÎvÄ ¼1á � ÎvÄ ¼1á � ÎvÄ ¼1á Â@Í
�Öà

B ORMfDRT�]7ORJIJIub]bMIY[O`L�h Ã C Ä C Ã ÎvÄ ¼ Î Ã ÎvÄ Í Ã ÎvÄ¾Î Í Ã ÎÄ ¼1áÓ°ikj1l � i�j1lphp¹ Ð À � C Ä E � ÎÄ¾Î ¿ � ÎvÄÏÎ á � ÎvÄÏÎ ½ � ÎvÄÏÎ à�1µ�� � µ���¹ Ð À Í � à ¼ � à Î � áNà Î � ½`Í Î � ½`Í
»�T}u7]VMfJIO1��uEDR�sY}LNMfu7JgQ¨u7J_u7LK]bu Â C Ä�� Ã ¼ Ä à Ã ¼ Ä ¿ ÃÖÍ Ä Í ÃÖÍ Ä ½]7ORJIJIub]bMIY[O`L q JIu7T[DGMfY�y`u�¹ Ð À r � @ Ä�� � ÎvÄ � � ÎÄ � � ÎvÄ . � ÎvÄ �`ßB ORM�DGT�F_deF_MIu7C|DGMfY}] � � ß ¼ � à Î � à`½ Î � á � Î � á3.ubJIJ_O`J q J_u7T�D�MfY}yRu�¹ Ð À r

B DRnvT[u'� � Í©m«{uVy`ubL\M ]7ORHKLNMfF DRLKzS]7O`J_JIu7]VMfY}O`LKF�¹¤F_u7u¬»=�eHKDGMfY}O`L � � ¿RÀ�Q¨ORJpDRT[T`w�� o J_HKL x u7J_Y[OezKF � â@T}FIO�FItvO���LDRJIu4MItKu4MfORMfDRT x O`T[DRJIY}C|uVMfJ_d�ubJIJIORJIFS¹¤Y}LK]7T}HKzKY}LKZ�]�tKJ_O`C^D�MfY[]bY}Mad|DRLKzP��7(ub�ªu7]bMIF�À�hKMftKu�J_u7T�D�MfY}yRu4u7J_JIO`J_F�zKHKuMfO�Mftvu�u7T}u7]bMIJIO1��uEDR��Y[LNMfubJ_Q¨u7J_u7LK]bu�]7ORJIJIub]bMIY[O`L�Lvu7u7zvu7z¯Q¨O`J�MItKu�]7ORL\yRu7J_FIY[ORL*ORQ�i�j1l¯MfO&i Ôj1l h�DRLKz�MItKuMfORMfDRT F_deF_MIu7C|DGMfY}]@u7J_JIO`J_F � 
 ORMfukMft~DGM�zKHKukMfO�T[O1�×F_MfDGMfY}F_MIY[]7F�D�L\HKC§nªubJ�ORQÆuV��ub]bMIF���ubJIu4Y}Z`LKO`J_u7z�Q¨O`J¬MItKu¼1ß`ßNÍPz~DGM�D�DRLKz�LKO&]bO`JIJ_u7]bMIY[O`LvFS��u7J_usD xKx T}Y[ubzØ¹¨Z`Y}yRu7L�tvu7JIu|Y[L�Y}M�DGT[Y[]bF�À � â@T}FIOKhmMftKu{MfOGM�DRT�F_deFgMfu7C|DGMIY[]u7JIJ_O`J�JIu x O`JgMfubz�Y}Lº¼Eß`ßNÍs¹�� � á Ð À�Y[ZRLKO`JIubz�MftKu�HKLv]7u7JgM�DRY}LNMadPzKHKu�MfO°MftvuSubT[ub]bMfJ_O1��u7DR�s]7O`J_JIub]bMfY}O`L �
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´¤µ��f¶ ikj1l i Ôj1l FIY[L   ¡�¢ �¨£I¥�W¦
¼1ß`ß`Í ÎvÄ Í .L. ÎvÄ ¼ Î`Î ÎvÄ ¼ Î`Î ÎvÄ Í �NàR¿

� ÎvÄ¾ÎRÎ á � ÎvÄÏÎ .L. � ÎvÄÏÎ`Î . � ÎvÄÏÎ .L. � ÎvÄÏÎ`Î . � ÎvÄ¾ÎRÎ ½Rá � ÎvÄÏÎ`Î`Î ½¼1ß`ß � ÎvÄ á � Î ÎvÄ ¼1áNÍG¿ ÎvÄ ¼1áN½Rá ÎvÄ Í`ÍRßNÍ
� ÎvÄ¾Î ¼`¼ � ÎvÄÏÎ`Î à¼ � ÎvÄÏÎ`Î ÍG¿ � ÎvÄ¾ÎRÎ à¼ � ÎvÄÏÎ`Î ÍR¿ � ÎvÄ¾ÎRÎ`Î ß � ÎvÄÏÎ`Î`Î .¼1ß`ß3.Z�GßN½ ÎvÄ à`à`Í � ÎvÄ ¼5.N¿`½ ÎvÄ ¼�½¼�Í ÎvÄ Í �v¼ ÎRÎ
� ÎÄ¾Î`Î ½`Í � ÎvÄÏÎ`Î .\Í � ÎvÄÏÎ`Î ¼ Î � ÎvÄ¾ÎRÎ .\Í � ÎvÄÏÎ`Î ¼`¼ � ÎÄ¾Î`ÎRÎ ½ . � ÎvÄÏÎ`Î`Î ¼O.¼1ß`ßRá ÎvÄ àRáv¼1á ÎvÄ ¼�½`½Gß ÎvÄ ¼�½Rß � ÎvÄ Í`ÍRß`ßRá
� ÎÄ¾Î`Î . Î � ÎvÄÏÎ`Î ½`à � ÎvÄÏÎ`Î`Î ¿ � ÎvÄ¾ÎRÎ ½`à � ÎvÄÏÎ`Î ¼ Î � ÎÄ¾Î`ÎRÎ à � � ÎvÄÏÎ`Î`Î ¼ �¼1ß`ßNàL�Gß`¿ ÎvÄ à`ÍRßNÍ ÎvÄ ¼5.\½ . ÎvÄ ¼5.Nßv¼ ÎvÄ Í �v¼�ÍGá
� ÎÄ¾Î`Î �`¿ � ÎvÄÏÎ`Î Í . � ÎvÄÏÎ`Î`Î ¿ � ÎvÄ¾ÎRÎ Í . � ÎvÄÏÎ`Î ¼ Î � ÎÄ¾Î`ÎRÎ � Î � ÎvÄÏÎ`Î`Î ¼1Í

â�T[T ÎvÄ ¼�½¼5. ÎvÄ Í � Î ß`à]7O`C§nKY[LKubz � ÎvÄ¾ÎRÎ ¼1ß � ÎvÄÏÎ`Î ¼`¼ � ÎÄ¾Î`ÎRÎ Í . � ÎvÄÏÎ`Î`Î ¼ �
B DRnvT[u � � �v©|wHvC|C|DRJ_dUOGQ�MftKusw�� o i�j1l¯C�uEDRF_HKJIubC|ubL\MIF§Q¨O`J§DRT[T�JIHvLKF � �ÆY}F_Mfubz*DRJ_u|Mftvu�T[HKC�Y[LvO`FIY�Mad\±��ubY[Z`tNMfubz|C�uEDGL°u7T[ub]bMIJIO`L x O`T�DRJ_Y[FIDGMfY}O`Ls¹_´¤µ��_¶fÀ�h`MftKu�C�uEDRF_HKJIubz|ikj1lphNY}MIF�yGDRT[HKu�]7O`J_JIu7]VMfubz�MIO�MItKuk«�± x O`T}u¹¤i ÔjEl À�DRLKz�FIY}Lv �¡�¢ �¨£I¥�W¦ � Þ O`J�´¤µ��I¶4MftKu{MfOGM�DRT=ubJIJIORJSF_tKO1��L�Y[F�zKORC|Y}L~DRLNMfT�d�F_deFgMfu7C|DGMIY[] � Þ O`J�MftKu�ORMftvu7J�eHKDRLNMfY}MIY[ubF7h�Mftvu�u7J_JIO`J_F�DRJ_u�Mftvu&F_MfDGMfY}F_MIY[]EDGT�DGLKzØF_deFgMfu7C|DGMIY[]&]bO`C x O`Lvu7LNMfF�J_u7F x ub]bMfY�y`ubT}d � B tKu&Å~LKDRT]7O`C�nvY[LKubz�J_u7FIHvT}MkDR]b]7O`HKLNMIFkQ¨O`J�]bO`JIJ_u7T[DGMfubz/HvLK]7ubJ_M�DGY[LNMfY}u7F �
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0
LRA

0.10 0.12 0.14 0.16

92

93

94-95

96

97-98

Average

 0.004  0.044 ±0.100  

 0.0028 0.0071 ±0.1656 

 0.0011 0.0042 ±0.1512 

 0.0010 0.0057 ±0.1593 

 0.0010 0.0024 ±

±

±

±

±

±0.1491 

 0.0019±  0.0011±0.1514

/DOF=7.4/4  Prob.=11.4%2χ

Þ Y[Z`HvJIu� � áv©mâ×]7O`C x Y}T�DGMIY[O`L�ORQ MftKu x HvnKT[Y}FItKubz^w � o i Ôj1l J_u7FIHvT}MfFbh\O`JIzKubJIubz�nNd�dRuEDRJ � B tKu�Å~L~DGT~DEy`u7JIDRZ`uY[F�Q¨O`JIC�u7zsY}LK]7T}HKzKY}LKZ°]7O`J_JIubT�DGMIY[O`LKF�Y[LPF_deF_MIu7C|DGMfY}]�u7JIJ_O`JIF �
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B tKu|w�� o ]bO`T[T[DRn�O`JfDGMIY[O`L�zKubMIu7J_C|Y}LKu7z�MItKu°Y[LKzvY}yeY[zKHKDRT�T}u x MIO`LUDRF_deC�C|uVMfJgd x DGJfDRC�ubMIu7JIF�HvFIY[LvZ/T}u x MIO`LÅ~L~DRT�±aF_MfDGMfukubyRu7LNMfF q ¼ Î �vh_¼ Î . r � »=T[ub]bMfJ_O`L x O`T[DRJIY}FfDGMIY[O`L{DRT}T[O1��F�O`LKu�MfO�zKubMIu7JIC�Y[LvukMItKukÅKL~DRT�±XF_MfDGMfu�DRF_deC°±C|uVMfJ_d x DRJfDRC�ubMIu7J���� Q¨O`J�T[u x MfO`L��kY[L�DSFIY[LvZ`T[u�C�uEDRF_HKJIubC|ubLNM�HKF_Y[LKZ�Mftvu�T}ubQWM_±XJIY}Z`tNM=Q¨O`J_��DRJIze±an~DR]��N��DRJIzDRF_deC�C|uVMfJ_dRhÆi Ô ��j1l�� � Á *

Y"! µ�� ! ��� � â@LºDRzvyGDRLNMfDRZ`u°ORQ x O`T�DRJ_Y[FIDGMfY}O`L�Y}F@MftKDGM���Y}MIt�µ���Á à`½ Ð h�Mftvu°T[ubQWMg±JIY[ZRt\M�Q¨O`Jg��DGJIz±Xn~DR]��N��DGJIzsDRFgdeC|C�ubMIJIY[ubF=dY}u7T}z^DSF_M�D�MfY[FgMfY}]EDRT x JIu7]bY[F_Y[O`L�u7�\HKY�yRDGT[u7LNM¬MfOSC|u7DRFIHvJIu7C�u7LNMIF�ORQMftKu�HKL x O`T[DRJIY}FIu7zsQ¨O`Jg��DGJIz±Xn~DR]��N��DGJIz�DGF_deC|C�ubMIJ_d^HKFIY}LKZ^D�Í`½§MIY[C�u7F�T�DGJIZ`ubJ�ubyRu7LNM4FIDRC x T[u ��XQªT[u x MfO`L{HKLvY}y`ubJIFIDRT[Y�Mad°Y[F�DRF_FIHKC�u7z�h\MItKu�JIubFIHKT�MfF=Q¨O`J�DRT}TMftvJIu7ukT[u x MfORL ,~D1yRO`HKJ_F�]7DRL{nªu�]7ORC�nKY[Lvu7z°MfOdY}u7T}z�D{zKuVMfu7J_C|Y}L~DGMIY[O`LsORQ FIY}L   ¡ ¢ �¨£I¥�W¦ hK��tKY[]�t/Y[LsMIHKJIL/]EDRL/n�uS]bO`C�nKY}LKu7zs��Y�MftPMftKu�C�O`JIu x J_u7]bY[FIu�J_u7FIHvT}MQ¨JIO`C ikj1l � B tKu¬ubyRu7LNM=FIDRC x T[u=HKF_u7z�Q¨ORJmikj1l°Y[FmDRT}C|ORF_M x HvJIu7T�d�t~DRzKJ_O`LKY}]�DRFmMItKu7J_u�Y}FpO`LKT}d�D�yRu7J_d�F_C^DGT[TÙh¹ ÎvÄ � � ÎÄ ¼�À Ð hvDRzvC|Y��MIHKJIu�ORQ�M�DGH x DGY[J�ubyRu7LNMfF�±�tvu7LK]bu�MftvukT}ubQWMg±aJIY}Z`tNM�DRFgdC�C�ubMfJgd{ORQ�MftKukT[u x MfO`L�ubyRu7LNMfF��DRF�DPF_M�D�MfY[FgMfY}]EDRT}T}d�Y[LKzKu x ubLKzKubL\M�C�uEDRF_HKJIubC|ubL\M � � tKY}T[u�MItKu{T[u x MfO`LUÅ~L~DRT�±aFgM�DGMIu{DRL~DRT�dF_Y[F�zKubFI]bJIY[n�u7zY[L���tKDGM@Q¨O`T}T[O1��F�Y[FkC|ORJIuSFIO x tvY[F_MIY[]7DGMfubz�MftKDRL�DRL&i�j1lK±aFgMadeT[u§]bO`HKLNMfY}LKZ^C�uEDGFIHKJ_u7C�u7LNMEh�u7F_FIu7LNMIY�DRT}T}d/DRT}TMftKusY}LvQ¨O`JIC|DGMIY[O`L�O`L*FIY}LK �¡�¢ �¨£I¥�¨¦ Y}F�O`nvMfDRY[Lvu7z�Q¨JIORC MftvusT[ubQWMg±aJ_Y[Z`tNM§DRF_deC�C|uVMfJ_d�ORQ�MftKubFIusuVy`u7LNMIF � B tKuY[LK]bT[HKF_Y[O`LºORQ�MItKu^zKY}F_MIJIY[nvHvMfY}O`LKF�Y[L x ORT�DRJSDRLKZRT[u°Mft~D�M�DRJ_u|ubFIF_u7LNMfY[DRT�Q¨O`J�MItKu^u��MIJfDR]VMfY}O`L�ORQ�MftKu{Å~L~DRT�±F_M�D�MfukDRF_deC�C|uVMfJ_Y[u7F�Y[C x JIO1y`ubF<MftKu�J_u7FIHvT}MfY}LKZ x J_u7]7Y}FIY}O`L°O`L{FIY}LK �¡�¢ �¨£I¥�¨¦ hNnKHvM�O`LKT�d§MIO � ÎvÄÏÎ`Î`Î àRá4]7O`C x DRJ_u7zMfO|DRnªORHvM � ÎÄ¾Î`ÎRÎ àR¿°O`nvMfDRY[LKubzsQ¨JIO`CD{F_Y[C x T[u@T[ubQWMg±aJ_Y[Z`tNM�uVy`u7LNM�]7O`HvL\M �B tKu�zKY}�ªu7J_u7LNMfY[DRT�]7J_O`FIF ±aFIub]bMIY[O`LÖQ¨ORJ�MItKu x HvJIuA«cDRC x T[Y}MIHKzKusu7·�u�²$# «%# Q Q�Y[F{Q¤DR]bMIO`JIY}Û7u7zÖDRFQ¨O`T[T}O���Fb©&& � � �K¹ � 	('
	 µ��/�f��� 	 ���gÀ Õ 	 �v¹ ' À*) �K¹ � 	 µ��/�f��� 	 ��� À
Á 	 �v¹ ' À,+¨¹g¼�Â�µ�� ���_Àb¹g¼�Ã �   ÀÆÃc¹¤��� Â�µ��IÀg��� Í �.- 	 ¹�� � ¼1Í`À

��tKu7J_u 	 ��Y}FIO`T[DGMfubF°zKu x u7LvzKu7LK]bu�O`L ' h�MItKu�F_�\H~DRJIubzÖ]bu7LNMfJ_uV±aOGQ�±aC|DRFIF{u7Lvu7JIZGd`h�DRLvz/) �A]7ORL\MfDRY[LvF{MItKuzKu x u7LKzvu7LK]buAO`L � Á ]bO`F ¡h���tvY[]�tÖZRY}y`ubF|MItKu�zvY[JIub]bMIY[O`L(ORQ@MItKu&ORHvMfZ`ORY[LKZUT[u x MfORL0� ² ��Y�Mft³JIu7F x ub]bMMfOsMftKu§u7T[ub]bMIJIO`L±Xnªu7DRC!zvY[JIub]bMIY[O`L � Þ O`J@D�]7O`C x T[uVMfu�zvu7FI]bJIY x MfY}O`LAORQ¬T[u x MfO`L x DRY[J x JIOezKHK]VMfY[ORL�h x tKOGMfO`LuV�]�t~DRLKZRu�MfubJIC�FkDRLKz�h~Y�QmMItKu�Å~L~DRT�±aFgM�DGMIu�T[u x MfO`LKFkDRJ_u�u7T[ub]bMIJIO`LKFbh �X±a]�t~DGLKLKu7Tp]bO`LNMfJIY}nKHvMIY[O`LKF�tKD1yRu�MIO�n�uM�DR�Gu7L&Y}LNMfO�DR]7]bO`HKLNMEh DGF���uSzKu7F_]7JIY}nªu�n�u7T}O�� �

���X[���� 1 �%�T�H_ �����/2 ^��$%�43
Þ Y[Z`HvJIu � � à&F_tKO1��F�MftKus]bO`F ¡&zKY}F_MfJ_Y[nKHMfY[ORLKF�Q¨O`J�u · u ² h�4 · 4 ² h�DRLKz65 · 5 ² ]EDRLvzKY[z~D�Mfu7F�Q¨O`J�MItKuA¼1ß`ßNà1±¼1ß`ß`¿Pz~DGMfD � �Æu x MIO`LKY[]°Å~LKDRT�±XF_M�D�Mfu{ubyRu7LNMfF{DRJ_u{Y[zKubL\MIY}Å~ubz�h<DGLKz B DRnKT}u � � .�FIHKC�C^DGJIY[F_u7F�Mftvu^FIubT[ub]bMfY}O`LubÇ�]7Y}u7LK]bY[u7Fbh nKDR]��\Z`JIO`HvLKzKF�DGLKz�L\HKC§nªubJIF�ORQ�F_u7T}u7]bMIu7z�]EDRLKzvY[z~DGMIu7F�Q¨O`J�u · u ² h�4 · 4 ² hmDRLKz75 · 5 ² Å~LKDRTF_M�D�Mfu7F � B tKu x JIu�±�¼1ßRßNà�JIubFIHKT�MfF¬DRJ_u�FIY}C|Y}T�DRJmnKHvM�t~DEyRukF_C^DGT[T[ubJ<DR]b]7u x M�DRLv]7u ! ]7O`F ¡ !�8 ÎvÄ ¿vhNJIu ,~u7]VMfY[LvZ�MItKuY[C x JIO1y`ubz^DG]7]7u x M�DGLK]7u�ORQ�DGL|H x Z`JfDRzvu7z|yRu7JgMfuV�|zKuVMfub]bMfORJ�HKF_u7z�Q¨O`J<MftKukLKuV��ubJ�z~D�M�DvhN��tKY}]�t^DRT}T[O1��u7z{Q¨O`JubÇ�]7Y}u7LNM�MfJfDG]��^Å~LKzKY}LKZ°H x MfO ! ]bO`F~¡ ! Á ÎvÄ ß � B tKu�w�� o uVy`u7LNM�MfOGM�DRT}F7hvY}LK]7T}HKzKY}LKZ°DRT}T�z~DGMfDvh~DRJ_uSÍ`Í�Í`½ .Kh¼1á�¿3.L.{DRLKzº¼1á Î ¿3.�Q¨ORJ�MftKu�u7T}u7]VMfJIORL±�hKC§HKO`L±�DRLvz/MfDRH± x DRY[J�ÅKL~DRT�FgM�DGMIu7FkJIu7F x ub]bMIY}y`ubT}d �â�L�uVy`ubL\Mg±anNdN±auVy`u7LNM�C|D��Y[C�HvC�T}Y[�RubT[Y}tKOOez�ÅvM�Y}F=HKFIubz�MIO�Y[LK]bO`J x O`JfD�Mfu�Mftvuk]bO`LNMfJ_Y[nKHvMIY[O`LvF<ORQ�DRT[TvMItKuMfu7J_C|F�Y}LUMItKu°]7J_O`FIF ±aF_u7]bMIY[O`L�DRLKzAMfOPY}LK]7T}HKzKu�Mftvu�uV��ub]bM�ORQ�Y[LKY�MfY�DGT�±aFgM�DGMIu�JfDRzKY[DGMfY}O`L � B tKu7J_u^DRJ_u�MftKJ_u7uT[Y[�Gu7T}Y[tKOeOz�Q¨HvLK]bMIY[O`LKF�Q¨O`J¬Y[LKzvY}yeY[zKHKDRTKT[u x MfORL|Å~L~DGT�FgM�DGMIu7F � â@T[T~MItKJIubu�T}u x MIO`L|Å~LKDRT F_M�D�Mfu7F�]7O`LNMIJIY[nvHvMfu�MfOMftKu{C�uEDRF_HKJIubC|ubL\M�OGQ�����h���tKY}T[uV4 · 4 ² DRLKz95 · 5 ² Å~L~DRT<FgM�DGMIu7FSDRJ_u°HKFIubz�MfOszvubMfubJIC�Y[LKu°��:�DRLKzº��;JIu7F x ub]bMIY}y`ubT}d �B tKu�T}Y[�RubT[Y}tKOOez^Q¨HKLv]bMfY}O`LsQ¨O`J�C�HKORL±�DRLKzsM�DGH± x DGY[J�Å~LKDRTÆF_MfDGMfubFkY}F�zKubÅ~Lvu7z�DGF�Q¨O`T[T}O���Fb©
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D/F_u x DRJIDGMfu{ÅKM�MfOPMftvu{µ,;e¹¤]bO`F ¡ ;)' À�Q¨HKLK]bMIY[O`LKDRT<Q¨O`JIC DRF�zKu7F_]7JIY}nªubz�n�u7T}O�� � â�FS��Y�Mft � 7�â%� � FSZRT[O`n~DGTDRL~DRT�dF_Y[FbhGMftvu�]�t~DRLKLvu7T�±ÙMfOG±X]�t~DRLKLvu7Tv]bO`JIJ_u7T[DGMfubz§F_deFgMfu7C|DGMIY[]�ubJIJ_O`JIF=DGJIu�DGHvMfO`C|DGMIY[]EDGT[T}d�ubyGDRT}H~DGMIu7z�Y}L�MftvY[FDRL~DRT�dF_Y[F �â �m»T7 9 q ¼`¼ Î r DRLKz ��� q ¼R¼�Í r ]7O`C x T[ubC|ubLNM^Mftvu7Y[J�DRL~DRT�dF_u7FsORQ�MItKu��\Y[LKubC^D�MfY[]�zKY[FgMfJ_Y[nKHvMIY[O`LvF^ORQMftKu�zKY}�ªu7J_u7LNM@zvu7]EDEd/C�OzKubF7h nNdPY[LK]bT[HKzvY[LKZ{Y[LQ¨O`JIC|DGMfY}O`L�Q¨JIORC¸ubyRu7LNM�DR]bO`T[T}Y[LKu7DRJIY�Mad|MIO|C�uEDRF_HKJIuSMftKu 5
x O`T[DRJIY}FfDGMIY[O`L � â�T}MItKO`HKZ`tUORQ¬C�Ozvu7F_M x O`T[DRJIY}FfDGMIY[O`L�FIu7LvFIY}MIY}yeY}MadRh�MftKY}F�Y[LvQ¨ORJIC|DGMfY}O`L&t~DGF4MftKu�DRzvyGDRLNMfDRZ`uORQ�n�u7Y}LKZ°FIubLKFIY�MfY�y`u�MfO{zKuVMfu7]VMfO`J ±aJ_u7T�D�Mfu7zsFgdeF_MfubC^D�MfY[]�ubJIJIORJIF�MftKDGMkDRJIu�zvY}�ªu7JIubLNM�Q¨JIO`C MftKO`F_u�DRFIF_O]bY�DGMIu7z��Y}MftPMftvuSC�uEDGFIHKJ_u7C�u7LNMfF�ORQ F x u7]VMfJfD ��aL³O`JIzKubJ|MIO�uV�eMIJfDR]VM���;&DRLKzÖ���°Q¨J_O`C,Mftvu7Y[J�z~DGMfDvh�â �m»T7 9 h o »T��7 9 �{DRLKzb� �ºC|u7DRFIHvJIu�MItKu
x O`T[DRJIY}FfDGMIY[O`L�DGF<DkQ¨HvLK]bMIY[O`L�ORQK]bO`F�¡ ; ' DRLKz§MItKu7L x ubJ_Q¨O`J_C D�FIu x DRJIDGMfu¬ÅKM Q¨ORJmMItKu¬Ma��O x DGJfDRC�ubMIu7JIFmHKF_Y[LKZMftKu�MftKubO`JIuVMfY}]EDRTNu�� x u7]VM�DGMIY[O`LSORQMftKu�zKu x ubLKzKu7Lv]7u � B tvu�J_u7FIHvT}MfFm�\HKORMIu7z§nNd � 7ªâ � q ¼`¼�� r h���tKY[]�t�zKu x u7LKzO`L×D�F_Y[LKZ`T}u�C|D��Y[C§HKC,T[Y}�RubT[Y[tvOOez*ÅKMEh�zKO�LKORM|uV� x T[Y}]7Y�MfT}d�HKFIu�C�uEDGFIHKJ_u7C�u7LNMfF�OGQ4MftKu x ORT�DRJ_Y[FfD�MfY[ORLDRF�DUQ¨HKLK]bMIY[O`L³ORQ4]bO`F�¡ ;)' h�DRT�MftKO`HvZ`tÖF_HK]�tÖÅKMIF�DRJ_u x u7JgQ¨O`JIC�u7zÖDRF|]bJIO`F_Fg±X]�tKu7]��\F/DRLKz(Q¨O`J|ZRJfD x tvY[]EDGT
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Þ Y[Z`HvJIu . � �v© B tKu|C�uEDGFIHKJ_u7zºzKY[FgMfJIY}nKHvMIY[O`LKF@Y[L�Mftvu x O`T[DRJIY}FfDGMIY[O`L±XFIubLKFIY�MfY}yRu�yGDRJ_Y�DRnKT}u�Q¨O`J4MItKu�5 #
���zKu7]7D1deF�Y[L�MItKu � 7ªâ �cuV� x u7J_Y[C�u7LNM � B tKusyGDRJIY[DRnKT[u�Y[F�MftKusJIDGMfY}O�ORQ�MftKusC�uEDGFIHKJ_u7z¯]�t~DRJ_Z`u7z¯t~DRzvJIO`LC|O`C�u7LNMIHKC	MIO@Mftvu�nªu7DRC�ubLKu7J_ZRd`h`��tvY[]�t°Y[F�DRL{D xKx JIOE�Y[C|DGMfY}O`L§ORQ � ��ÁcÈ � � È ; � B tvu�z~DGM�Dh`FItKO1��L{nNdx O`Y}LNMfF ��Y�Mft�ubJIJ_O`J<n~DRJ_F7hNDGJIu�Y}LNMfu7ZRJfDGMIu7z�O1y`ubJ<MftKu¬��tKO`T}u�]7O`F ¡ ;(' JIDRLKZ`u �S� y`ubJIT�DEdeY[LvZ@MftKY}F�zKY}F_MIJIY[nvHvMfY}O`LDRJIu ��O`LNMIu§Ý�DGJIT[O{zKY}F_MIJIY[nvHvMfY}O`LKF�Q¨ORJ�MftKu x O`FIY�MfY}yRu�¹¤zKOGMIMfubz�T}Y[LKuEÀ�DRLKzPLKubZNDGMIY}y`u|¹¨z~DRFItvu7z/T[Y[Lvu1À�tKubT[Y}]7Y}Mad5�T[u x MfORLKF¬DRLKz|Q¨ORJ�MItKu7Y}J�FIHKC Y[Lv]7T[HvzKY[LKZ�n~DG]��eZRJIO`HKLvz�hvDGFIFIHvC|Y}LKZ§D�yGDRT[HKu�Q¨O`J�´¤µ,;�¶¬ub�\H~DRT~MfO�MftKukÅKMIMIu7z

x O`T[DRJIY}FfDGMIY[O`L � B tKu�t~D�Mf]�tKubz/tvY[F_MIO`Z`JIDRC�J_u x J_u7F_u7LNMfF�MftKu ��O`LNMfu�Ý�DRJ_T[O�u�� x u7]VM�DGMIY[O`LvF�ORQm]7O`LNMfJ_Y[nKHMfY[ORLKFQ¨JIO`C¸]bJIO`F_Fg±X]7O`LNM�DGC|Y}L~DGMfY}O`L^Q¨J_O`CORMItKu7J 5/zKub]EDEdeF@DRLvzPMItKu�z~DRJ_��FIt~DGzKu7z�tKY[FgMfO`Z`JIDRC MftKu�n~DR]��\Z`J_O`HKLKzQ¨JIO`C LKO`L± 5�F_O`HKJI]bu7F � B tvu�T[ubyRu7TªORQmDRZ`J_u7u7C�u7LNM�nªuVMa��ubu7LPMftKu4zKDGM�D�DGLKz ��O`LNMIu�Ý�DRJIT}O�zKY}F_MfJ_Y[nKHMfY[ORLKF�Y}F�eHKDRLNMfY}ÅKu7z&nNds�\HKOGMfY[LvZ{MItKu �   DRLvz/MItKu�LeHvC�nªubJ�ORQ�zvu7Z`J_u7u7FkORQmQ¨JIubu7zKO`C �
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Þ Y[Z`HvJIu . � áv© B tKuPC|u7DRFIHvJIu7z¯F x ub]bMfJ_HKC ORQ�Mftvu x O`T[DRJIY}FfDGMIY[O`L±XFIubLKFIY�MfY}yRu�yGDRJ_Y�DRnvT[u^Q¨O`J�MftKu 5 # 4
� ��zKu7]7D1deF�Y}L°MftKu o »T� 7 9 �<uV� x u7JIY}C|ubLNM � B tKukyGDRJIY[DRnKT[u�Y[F=MftKukJfD�MfY[O�ORQªMftKukC�uEDRF_HKJIubz|C�HvO`L^C�O`C�u7LNMfHKCMfO°MftKu�n�uEDGCu7Lvu7JIZGd`hK��tKY}]�t�Y}F�DRL/D xKx J_OE�vY}C^D�MfY[ORL�ORQ � :�ÁcÈ : � È4; � B tKu�z~DGM�D{DRJ_u�]7O`C x DRJ_u7z�MIO{MItKuJIu7F_HKT}MIF=ORQ MftKu x O`T[DRJIY}FfDGMIY[O`LSÅKM � B tKu x O`Y}LNMfF���Y�Mft°u7J_JIO`J�n~DRJIF�DGJIu�z~DGMfD�DRLKz�MItKu�FIO`T}Y[z�T}Y[LKu�Y[F<F_Y[C�HvT�DGMIu7zz~DGM�D�Q¨O`J�MftKu°ÅKM_Mfu7zAyGDRT}HKu7F�ORQ¬��;�DRLvzº��� � B tKu°FIt~DGzKu7z�DRJIu7DsY[F�n~DR]��\Z`J_O`HKLKz�DRLKzAMItKu°z~DRF_tKu7z�DRLKzzKORMIMIu7z/T[Y}LKu7F�]bO`JIJ_u7F x O`LKz/MfO°Mftvu x O`F_Y}MfY�y`u�DRLvz/Lvu7ZNDGMIY}yRuStvu7T[Y}]7Y�Mad�]7ORL\MIJIY}nKHvMfY}O`LKF�J_u7F x u7]VMfY�y`u7T�d �
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x JIubFIu7LNMfDGMfY}O`L � â%�p»T7 9 h�� �§DRLKz � 7�â%�AHKFIu4»��\H~D�MfY[ORL1. � Í�Y[L�MftKubY[J�ÅKMfF�nKHvM�MfJIu7DGM�i ;� � zKY���ubJIu7LNMIT}d|DRFzKY[F_]7HKF_FIu7zAY}L�weu7]bMIY[O`L�. � � � wC|DRT[T�]7O`J_JIu7]VMfY}O`LKF�Q¨O`JkMItKuSub�ªu7]bMIF@ORQ�Y[LKY�MfY[DRT�F_MfDGMfuSJfDGzKY�DGMIY[O`L�hvMftKu x tKOGMfO`Lx JIO x DRZNDGMIO`J�DGLKz§ÑKÒv«|Y}L\MIu7JgQ¨u7JIubLK]7uGh\DRLKz§MItKu�Q¤DG]bM�MIt~DGM�LKORM�DRT[T\z~DGMfD4DRJ_u�]bO`T[T}u7]bMIu7z°D�M MItKu x uEDR��ORQKMItKu�«JIu7F_O`L~DRLv]7u�DRJ_u�Y}LK]7O`J x ORJfDGMIu7z§Y}LNMfO�MftKu��eHvORMfubz�yRDGT[HKubF ORQK��;�DRLKz���� � B tKubFIu�]bO`JIJ_u7]VMfY[ORLKF7h`OGQ�WP¹ ÎvÄÏÎ`Î ½`À�hDRJIu�]7DRT[]bHKT�D�Mfu7z§HKFIY}LKZS« Þ � B�B » ; q �v¼ r � o »T��7 9 �pY[LK]bO`J x O`JIDGMfubF Mftvu7FIu�]bO`JIJ_u7]bMIY[O`LvF<zKY[J_u7]VMfT}dSY}L\MIO@Mftvu�ÅKMMftKuVd x ubJ_Q¨O`J_C�nNd{HKFIY}LKZ�« Þ � B�B » ; MIO x JIubzKY[]VM¬µ,;e¹¤]bO`F ¡ ;)' ÀVh\DEy`ubJfDRZ`ubz^O1y`ubJ¬MItKukT[HKC�Y[LKORFIY}MadN±Ù��ubY[Z`tNMfubz]7u7LNMIJIuV±XORQ�±aC|DRF_F�u7LKubJIZ`Y}u7FbhKDRF�D�Q¨HKLK]VMfY[ORL^ORQp��;4DRLKz���� � B tKY}F�DRHMfO`C|DGMfY}]EDRT}T}d§Y[LK]bT[HKzKubF�MItKu�Ú�» o DRLKz��u7DR�Aub�ªu7]VMfF�DRFSDPQ¨HKLv]bMfY}O`LUORQ�]7O`F ¡ ;)' hpJfDGMItKu7J�MIt~DRL�DRFSDPF_u x DGJfDGMIu�]bO`JIJ_u7]VMfY[ORL�DRF�Y}LUMItKu�D xKx J_ONDR]�tM�DR�Gu7L&nNd�MItKu�ORMftvu7J�MftKJ_u7u �p»T7ØuV� x ubJIY}C|ubL\MIF �â�T}MftvO`HKZ`t*Mftvu/F_Y[Ûbu/OGQ�MItKuPuby`ubLNM^FIDRC x T[u7F{HKF_u7z(nNd*MftKusQ¨O`HKJ°u�� x ubJIY[C�u7LNMIF^DRJ_usJIO`HvZ`tKT}d�u7�\H~DRT hFIC|DRT[T}u7J�ubJIJIORJIF{O`L¯MftKu/DRFgdC�C�ubMfJ_Y[ubF{DRJIuPO`nvMfDRY[Lvu7z¯nNd¯â%�p»T7 9 ¹¤F_u7u B DRnKT[u . � �NÀ � B tKY[F{Y[F{T[DRJIZ`ubT}dDRFIF_O]bY�DGMIu7z ��Y}Mft Mftvu�tKY}Z`tKubJPDRLKZ`HKT[DRJsZ`JIDRL\HKT�DRJ_Y}MadÖORQ�MItKuºâ%�p»T7 9 u7T}u7]VMfJIORC^DRZRLKubMIY[]�]7DRT[O`J_Y[C�ubMIu7J �B tKu�5 � �_uVMfF � x JIOezKHK]7ubz^Y}L|t~DGzKJIO`LvY[] 5�zKu7]7D1deF�DGJIu�MfY}Z`tNMfT}d§]7O`T}T[Y}C^DGMIu7z{DGM	�p»T7�u7LKubJIZ`Y}u7F���tKY[]�t|JIubFIHKT�MfFY[L¯DAFIHKnvF_M�DGL\MIY�DRT�O�yRu7J_T�D x ORQ�MItKusu7LKubJIZRd�zKu x O`FIY�Mfubz(Y}L�MftKus]7DRT[ORJIY[C�ubMIu7JSnNd*zKY}�ªu7J_u7LNM x DGJ_MfY}]7T}u7F � â]EDRT}O`JIY}C|uVMfu7J���Y�Mft�D�tvY[Z`tKubJ�Z`JfDRL\HKT[DRJIY�Mad�Y}Fkn�ubM_MfubJ@DRnvT[u4MfO�Y[zvu7LNMfY�QWd�MftKuSY[LvzKY}yeY[zvH~DRT x tvORMfO`LvFkQ¨J_O`C � ÔzKu7]7D1dsDRLKzsMftKubJIuVQ¨O`JIu x J_O1yY}zKu7F�Z`J_uEDGMIu7J�zvY[FI]bJIY}C|Y}L~DGMfY}O`L�nªuVMa��ubu7L&tKDRzKJIORLKY[]4zvu7]EDEds]�tKDRLKLKubT[F�ORQmMftKu�5 �B tKY[F4J_u7F_HKT}MIF4Y[L�Y}C x JIO1y`ubzAFIY[ZRL~DRT�±ÙMfOG±XLKO`Y}FIu4Mftvu7JIubnNd x JIO1yeY[zvY[LKZ|Z`JIu7DGMfubJ x ORT�DRJ_Y[FfD�MfY[ORL/F_u7LKF_Y}MIY}yeY}Mad&DRLKzFIC|DRT[T}u7J�FgdFgMfubC^DGMIY[]�u7J_JIO`J_F �B tKu �p»T7�]7O`C§nKY[L~D�MfY[ORL°Y[F=C|DRzKu�HKFIY}LKZ�MftKukO1y`ubJfDRT}TKJIubFIHKT�MfF¬ORQ���;�DRLvz|���mQ¨JIO`CÜuEDR]�t|uV� x ubJIY}C|ubL\M7hJfDGMItKu7JSMft~DRL�n\dUÅ~J_F_M§]7O`C�nvY[LKY}LKZ/MItKu�JIu7F_HKT}MIF�Q¨O`JSuEDG]�t*zKu7]7D1dºC�Ozvu � Ý�O`JIJ_u7T[DGMfY}O`LKF�nªuVMa��ubu7L¯zKub]EDEd]�t~DRLKLKubT[F�DRJ_uszKO`C�Y[L~DGMIu7z*nNd*zKuVMfub]bMfORJg±aF x ub]7Y�Å~]sF_deF_MIu7C|DGMfY}]su7J_JIO`J_F{��tvY[]�t(DRJIusC�O`FgM°JIubT[Y�DGnKT}dUM�DG�Ru7LY[LNMfO�DR]7]bO`HKLNM�n\dAMItKu{Y[LKzvY}yeY[zKHKDRT<uV� x u7J_Y[C�u7LNMfF�DRF�zKY[F_]7HKF_FIubz�Y[L�wub]bMfY}O`L . � � � B tKu�]7ORC�nKY[LKDGMfY}O`LKF�ORQMftKu°ubY[Z`tNM4C�uEDGFIHKJ_u7C�u7LNMfFbh�Q¨O`HKJ@u7DR]�tUORQ���;{DRLvzA����hªM�DG�Ru°Y[LNMIOsDR]7]bO`HKLNMSDRT}T ORMItKu7J@]7O`J_JIu7T[DGMfY}O`LKF�DRLKzDRJIu x J_u7FIubLNMfu7z&Y[LsMftKu�Q¨O`T}T[O1��Y[LvZ�FIub]bMfY}O`LKF �
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Measured Pτ vs cosθτ
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Al (LEP)=0.1465±0.0033
 χ2/DoF=4.7/7

ALEPH
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L3

OPAL

Aτ (LEP)
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0.1498±0.0049
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LEP+SLD 0.21629 ± 0.00066

SLD vtx mass
    1993-98

0.21576 ± 0.00094 ± 0.00076

OPAL mult
    1992-95

0.2176 ± 0.0011 ± 0.0012

L3 mult
    1994-95

0.2166 ± 0.0013 ± 0.0025

DELPHI mult
    1992-95

0.21643 ± 0.00067 ± 0.00056

ALEPH mult
    1992-95

0.2158 ± 0.0009 ± 0.0009

0.214 0.216 0.218
Rb

LEP+SLD 0.1721 ± 0.0030

OPAL
charm count. 1991-93

0.164 ± 0.012 ± 0.016

DELPHI
charm count. 1991-95

0.1693 ± 0.0050 ± 0.0092

ALEPH
charm count. 1991-95

0.1735 ± 0.0051 ± 0.0110

SLD
mass+lifetime 1993-98

0.1741 ± 0.0031 ± 0.0020

OPAL
D-meson 1990-95

0.177 ± 0.010 ± 0.012

DELPHI
D-meson 1991-95

0.161 ± 0.010 ± 0.009

ALEPH
D-meson 1991-95

0.1682 ± 0.0082 ± 0.0082

ALEPH
lepton 1992-95

0.1685 ± 0.0062 ± 0.0080

0.16 0.18
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LEP 0.0992 ± 0.0016

OPAL
inclusive 1991-2000

0.0994 ± 0.0034 ± 0.0018

L3
jet-chg 1994-95

0.0948 ± 0.0101 ± 0.0056

DELPHI
inclusive 1992-2000

0.0978 ± 0.0030 ± 0.0015

ALEPH
inclusive 1991-95

0.1010 ± 0.0025 ± 0.0012

OPAL
leptons 1990-2000

0.0977 ± 0.0038 ± 0.0018

L3
leptons 1990-95

0.1001 ± 0.0060 ± 0.0035

DELPHI
leptons 1991-95

0.1025 ± 0.0051 ± 0.0024

ALEPH
leptons 1991-95

0.1003 ± 0.0038 ± 0.0017

0.08 0.09 0.1
A

FB

0,b

LEP 0.0707 ± 0.0035

OPAL
D* 1991-95

0.0761 ± 0.0109 ± 0.0057

DELPHI
D* 1992-95

0.0695 ± 0.0087 ± 0.0027

ALEPH
D* 1991-95

0.0698 ± 0.0085 ± 0.0033

OPAL
leptons 1990-2000

0.0643 ± 0.0051 ± 0.0037

L3
leptons 1990-91

0.0834 ± 0.0301 ± 0.0197

DELPHI
leptons 1991-95

0.0725 ± 0.0084 ± 0.0062

ALEPH
leptons 1991-95

0.0734 ± 0.0053 ± 0.0036

0.06 0.08 0.1
A

FB

0,c
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SLD 0.923 ± 0.020

SLD
lepton

0.939 ± 0.030 ± 0.023

SLD
Kaon 94-95

0.855 ± 0.088 ± 0.102

SLD
jet charge

0.907 ± 0.020 ± 0.024

SLD
vtx charge + Kaon

0.917 ± 0.018 ± 0.017

0.8 0.9
Ab

SLD 0.670 ± 0.027

SLD
lepton

0.587 ± 0.055 ± 0.053

SLD
D*

0.689 ± 0.035 ± 0.021

SLD
vtx charge + Kaon

0.674 ± 0.029 ± 0.023

0.6 0.7
Ac
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Measurement

∆αhad= 0.02758 ± 0.00035∆α(5)

αs= 0.118 ± 0.003
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fb 0.23099 ± 0.00053

Al(Pτ) 0.23159 ± 0.00041

Al(SLD) 0.23098 ± 0.00026
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fb 0.23221 ± 0.00029

A
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fb 0.23220 ± 0.00081
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fb 0.2324 ± 0.0012

Average 0.23153 ± 0.00016

∆αhad= 0.02758 ± 0.00035∆α(5)

mt= 178.0 ± 4.3 GeV
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∆αhad= 0.02758 ± 0.00035∆α(5)

αs= 0.118 ± 0.003

mH= 114...1000 GeV
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Measurement

∆αhad= 0.02758 ± 0.00035∆α(5)

αs= 0.118 ± 0.003

mt= 178.0 ± 4.3 GeV
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Measurement
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αs= 0.118 ± 0.003
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Measurement

∆αhad= 0.02758 ± 0.00035∆α(5)

αs= 0.118 ± 0.003

mt= 178.0 ± 4.3 GeV
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Measurement
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αs= 0.118 ± 0.003

mt= 178.0 ± 4.3 GeV
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Top-Quark Mass   [GeV]

mt   [GeV]
125 150 175 200

χ2/DoF: 2.6 / 4

CDF 176.1 ± 6.6

D∅ 179.0 ± 5.1

Average 178.0 ± 4.3

LEP1/SLD 172.6 +  13.2172.6 −  10.2

LEP1/SLD/mW/ΓW 181.1 +  12.3181.1 −   9.5

ª¯DF\C0M23' � e � � ��'4.30(?§7>.=9C6�7>%('�)K,H.3.=9/;¯73%('O7>9CG�`a0A,/21WQeg$&%('�B(DF21'RE47�)+'-,/.10(23'4)5'4687>.�9/; 
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W-Boson Mass  [GeV]

mW  [GeV]
80 80.2 80.4 80.6

χ2/DoF: 0.3 / 1

TEVATRON 80.452 ± 0.059

LEP2 80.412 ± 0.042

Average 80.425 ± 0.034

NuTeV 80.136 ± 0.084

LEP1/SLD 80.363 ± 0.032

LEP1/SLD/mt 80.373 ± 0.023
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Measurement Fit |Omeas−Ofit|/σmeas

0 1 2 3

0 1 2 3

∆αhad(mZ)∆α(5) 0.02758 ± 0.00035 0.02767

mZ [GeV]mZ [GeV] 91.1875 ± 0.0021 91.1874

ΓZ [GeV]ΓZ [GeV] 2.4952 ± 0.0023 2.4965

σhad [nb]σ0 41.540 ± 0.037 41.481

RlRl 20.767 ± 0.025 20.739

AfbA0,l 0.01714 ± 0.00095 0.01642

Al(Pτ)Al(Pτ) 0.1465 ± 0.0032 0.1480

RbRb 0.21629 ± 0.00066 0.21562

RcRc 0.1721 ± 0.0030 0.1723

AfbA0,b 0.0992 ± 0.0016 0.1037

AfbA0,c 0.0707 ± 0.0035 0.0742

AbAb 0.923 ± 0.020 0.935

AcAc 0.670 ± 0.027 0.668

Al(SLD)Al(SLD) 0.1513 ± 0.0021 0.1480

sin2θeffsin2θlept(Qfb) 0.2324 ± 0.0012 0.2314

mW [GeV]mW [GeV] 80.425 ± 0.034 80.389

ΓW [GeV]ΓW [GeV] 2.133 ± 0.069 2.093

mt [GeV]mt [GeV] 178.0 ± 4.3 178.5
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