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}Tºq�-,xW.M$`_okY[^aY�Uqr�ZThkS?KNM � ekMqZRM�^_W�ZThdS�Y[] ! e#S4Z\S$OVZ\UPKRYHM$W.e�rsUPKTb�MqZT^|UPW2rsK\UPb ZThdSzbcS$MXY[]dK\S$e
ZTKNMPORQ?f.UP^|W#ZNY�} �.����ZTUzZTKNMPORQcS4`|S4bcS4W,ZRYD} �./D�
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} ¾ ��³0^_W{Mq`0�.ZnUqr ZThdSzZTKNMPORQ�f.MqKNMqbcS4Z\S4KRYHM4rsZTS4KnMymX`_U ! Mq`�Mq`|^_mXWdbcS4W,ZHOVUXKTKTS OVZT^|WdmcZThkScYlf.MqZ\^aMq`

KTS$YlUP`|]dZT^|UPW�^aY=M4tXMq^|`aM ! `_Suv
} � �-/��#Z\KRMqf.UX`aMqZ\^_UXW�Z\U�ZThdS���S4K\ZTS4�5�xSFZTS$OVZ\UPKzM$W.e�MPYTYlU,OV^aM$ZT^|UPW U$r6�7� hk^_ZRYHZTU�ZThdS�ZTKRMXOjQkY

MqW.e�Mg�.W.M$`AS$Y[Z\^_b�M$ZT^_UXWcUqr§S4KTK\UPKRYD^pYDb�MPe,Suv

�DhdS�bcUuYlZ"^_W,ZTS4K\S$Y[Z\^_Wdm�YlZTS4f.YzMqK\S¡}m" �(MqW.e½} � �Nv8
wW·Y[ZTSFf�}S"u�gb�UuY[Z\`_o �.9:0 �./�YzMqK\S2].YlS$e©v
� ]kZ � MqKNe�M$W.eJ^_W � M$KReJS4�,ZTKRM$f.UP`aM$ZT^|UPW.YAZTU�ZThdS � ]dZ\S4K(�xSFZTS$OVZ\UPK�M$W.e;
wWdWdSFK<�xS4ZTS OVZTUXK*rsUPK\b�bcU�Y[Z
Uqr�Z\hdSgZ\KRMPORQkYx^_WIZThdS ! MqK\KTS4`�KTS4mX^_UXWAvJ�Dhd^pY�^|bcfd`|^_S$Y�ZTh.M$ZJUPWd`|o�ZTKRMXOjQkY � ^_ZTh�M"KTS MPY[UXW.M ! `_Sz�./
^_W�ZThdSn�.9:0½M$KTS�rs]k`_`_ozKTS OVUPW.YlZTK\].OVZTS eyM$W.eymXS4Z��ªSFKTZTSF�=�xSFZTS$OVZ\UPK=hd^|ZRY ! o�ZThdSHS4�,ZTKNMqf.UP`pMqZT^|UPW.Y
^_W�YlZTS4f	} � �Rv�>DS O4Mq].YlS2U$rHZThd^pY­fkKTU,OVS$e,]dKTS�Z\hdS?��S4K\ZTS4�@��S4ZTS$O�ZTUPKzhd^|ZcMXYTY[U,O�^aMqZ\^_UXW½Y[ZTK\UPWdmX`_o
e#S4f.S4W.edYDUXW�ZThdSHS4�,ZTKNMqf.UP`pMqZT^|UPW�UqrBZThkSg�.9:0·ZTKNMPORQdY�¨.MqW.ecbc^|mPh,ZDYl]BA S4K=`aM$KTmXS�r M$^_`|]dKTS$Y=e,]dSJZTU
bc^aY\Mq`_^|mPWdb�SVW,Z4¨PSFKTKTUXKRYD^|WyZ\hdSHb�MqZ\S4KT^pMq` e#S$Y\OVKT^|fdZT^|UPWcUXKJM � K\UPWdmzS4�,ZTKNMqf.UP`pMqZT^|UPWIbcU,e#S4`|`_^_Wkm�U$r
S4WdS4K\mPog`|UuY\YªM$W.e?bz]d`_Z\^_fd`|S�YTOFMqZTZ\S4KT^|WdmdvC
wW?fdKNMPOVZ\^aOVS=^|Z�h.MXY ! S4S4W"U ! Y[S4K\tuS$e"ZTh.M$ZDMJ`|UPZ�Uqr ZTKRMXOjQkY
O4MqWdWkUPZ ! SzKTS$OVUXW.Y[Z\KT].O�ZTS$e©¨ ! S$O4M$].Y[SzZThdSFo2S4W.e2^|W��.9:0�O�KRMPORQkYxUPK ! UX]dW.edM$KTo�KTS4mX^_UPW{YxUqr ZThdS
�.9$0	YlS$OVZTUXKRY�v � ZThdS4KiKTS$MXY[UPW{Y�b�^_mPh,Z ! S"Z\hdSzMPY\Y[U,OV^pMqZ\^_UPW�Uqr�M � KTUPWkm?
wWdWkS4KD�xS4Z\S$OVZ\UPK"}sSuv mkv
bc^_K\KTUPK�^|b�MqmXSP�B�./�UPK�MzY[S OVUPW.ekMqKTo�^_W,ZTS4KNMPOVZ\^_UPWzh.M$fdf.S4WdS$e�^_WcZ\hdSne#S4ZTS OVZTUXKDb�M$ZTS4K\^aMq` ¨ � hd^pOjh
Y[f.UP^|`_S$ecZThkS�K\S$OVUXW.Y[Z\KT].OVZ\^_UXWAv
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MqW{e�rsUP]dKn^_W ¥dv��LKNMPORQdY � ^_Z\h¡MIY[^_WkmP`_S�Y[UX`_]dZ\^_UXW¡M$KTS
MXYTYlU,OV^aM$ZTS$e2�.KRYlZ4v�,x`|`�Y[UP`|]dZT^|UPW.Y � ^_ZThIZThdK\S4SH`aM4ouS4KNY=MqKTSzMXYTYlU,OV^aM$ZTS$e ! SVrsUXKTS"M$W#o � ^|ZTh2Z � Ud¨ Mq`_`
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�W"UXKRe#SFKªZ\UgbcS MPY[]kKTS�Y[f{MqZT^pMq`.^_W,rsUPKTb�MqZT^|UPW"Z\U ! S4Z\ZTS4K�Z\h.MqW�ºF«�� b�^_bcfd`|^_S$YAZTUHQ,WdU � � hdSFKTS�ZThdS
e#S4ZTS OVZTUXKJ^aYJ^_W{Y[ZRM$`_`|S$e2^_W Y[f.MXOVS � ^_ZTh�ZThkScY\MqbcS"fdK\S$OV^pY[^_UXWAvz�Dhd^aYJ^|W#Z\KTU,e#].O�S$YJM2O�UPbcfd`|^aO4M$ZTS$e
! ]dZ=WdS$O�S$YTY\MqKTo�fdKTU,OVS e#]dKTS � hd^pOjhIYlhdU � Y�Z\hdSnY[S4W.Yl^_Z\^_t,^_Zlo?U$r�hk^_mPhIfdKTS OV^aYl^_UPW�Y[f.M$ZT^aM$`0b�S$MPYl]dKTSV�
bcS4W,ZRYª^|WIM��x^|mPh1/�WdS4K\mPo19�h#okY[^pO4Y=e#S4Z\S$OVZTUXK-$.YlS4S ) ¾ � + rsUPK�bcUPK\Sne#S4ZRM$^_`pYVv >Docb�MqQ,^_WkmgUPfkZT^aOFMq`
bcS$MPYl]dKTSFbcS4WuZRYDZ\hdSzf*U�Y[^|ZT^_UXW¡Uqr ZThdSzYlZTK\^_f.YJUPW S$MPORh�bcU,e#]d`|S"^aYxQ,WdU � W � ^_ZTh McfdKTS OV^aYl^_UPW�U$r
"�� b�v.,�rsZ\S4K=^_W.YlZRM$`_`_^|WdmzZThdSnbcU,e#]d`|S�UXW�ZThdSnh.Mq` r�Y[hkS4`_` ¨dZThdSnf*U�Y[^|ZT^_UXW�Uqr�Z\hdSgb�U,e#]d`_SH^pYxM$`aY[U
bcS$MPYl]dKTS e � ^|ZThIMqW�UPfkZT^aOFMq`©^|W.Y[Z\KT]db�S4W#ZFv��Dhd^aYDmX^_tuS$Y�MgZTUPZNMq`AfdK\S$OV^pY[^_UXWcUPW�Z\hdSnY[ZTK\^_fcf.U�Y[^_Z\^_UXW
Uqr�" � � b�vc�DhdS &('*),+.-0/ � tuS4K\ZTS4�Ie#S4Z\S$OVZ\UPKH^aYJ^_W{Y[ZRM$`_`|S$e�M4rsZTS4KHZ\hdS?b�S$Ojh{MqWd^pO4Mq` � UXKTQ�UPW ZThdS
e#S4ZTS OVZTUXK4v1>DSVrsUPK\S�OV`_U�Y[^|Wdm2Z\hdScS4W.ekO4Mqf.Y�¨�ZThdS�tuS4KTZ\S4��e#SFZTS$OVZ\UPKn^aY�fk].Y[hdS e7^|W.Y[^pe#SzZThdS ! MqKTK\S4`
KTS4mX^_UPW Y[]dK\KTUX]dW.e#^|Wdm�ZThdS ! S Mqbcfd^|f.Suv ,�ZzZThd^pY?YlZRM$mPS�ZThkS2f.UuYl^_ZT^|UPW½^aY"UPWd`|o�Q#WdU � W � ^|ZTh�M
fdKTS$O�^aY[^|UPWIUqr M­rsS � bcb�v����He,S$O4M4odY=^_W,ZTU�e#^_bz]dUPW{Y�}��! "�$#A��MqK\S"bcUuYlZx]{Y[S$e2Z\Uy^|bcfdK\UqtuSiZThdS
Mq`_^|mPWdb�S4W#ZFvA�DhdSHYlf.MqZ\^aM$`©f.UuYl^_ZT^|UPW�b�M4o"e,^ A S4KªrsK\UPb�ZThdS�UPWkSJQ#WkU � WcrsK\UPb�ZThkSJUPfdZ\^aO4M$`AYl]dKTtuS4o
b�MPe#S ! SVrsUPK\Sc^_W.YlZRM$`_`aM$ZT^|UPWAv�,JYHY[hkU � W ^_W2�.mX]dKTS ¾ v#"cZThkS?bcU,e,]d`_S$YiO4MqW�tXMqKTo�ZThkS4^_KJf.U�Y[^_Z\^_UXW
rsKTUPb ZThkSy^pe#S$M$`ªrsKRM$bcSu¨BO4Mq].Yl^_Wdm�SF�#Z\KTS4bcS"b�^aYTM$`_^|mPWdbcSFW#ZNYVvI�Dhd^aYgb�M$QuS$YHM2`aM$KTmPSIe#^ A S4KTS4W{OVS
rsKTUPb ZThkSc`_U,O4M$`DZ\U�ZThdScmXS4WdS4KNMq` OVUuUPKNe#^_W.M$ZTSIY[okY[Z\S4b�v1/�tuS4KTo�f.UuYl^_Z\^_UPW�^|W ¢D�\£�WdS4S$ekY�ZTU ! S
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`aM4ouS4K4v��Dhk^aY�^pYJS � ]k^_tXMq`|S4W#ZHZ\U�M2YlZTKNMq^_mXh#Zn`_^|WdS?Z\U2Z\hdScUPK\^_mX^_WAv��DhdS10�`_UuYlS4Kgb�U,e#]d`_Sz^aY
Y[S4`|S$OVZTS e­^|W2M"YlZTKNMq^_mXh#Z�rsUPK � MqKNe � M o'$PrsKTUXb ZThd^pYªbcU,e,]d`_Sxrs]kKTZThkS4KªrsK\S4Sg¢D�\£ hk^_ZRY=OFMqW ! S
ZRMqQuSFWAv


 �$¯,® �5;D, Y\Mqbcfk`_S�UqrJrsK\S4S2hk^_ZRYzO4M$W ! S�YlS4`_S$O�ZTS$e�rsKTUXb ZThdS�S4�,ZTKNMqf.UP`pMqZT^|UPW�^|W ZThkS 0�`|UuYlS4K
bcU,e#]d`|Sc].Y[^|Wdm2`|UuUuYlS2O�]dZRYgUXW�Z\hdScK\S$Y[^pe#].Mq`pY�U$rJZ\hdSchd^|ZRY�Z\U�ZThdS�S4�#Z\KRM$f*UX`aM$ZT^_UXWAv¡�DhkS
YTMqb�fd`_SzUqrihd^_ZNY�^pY�Z\S$Y[Z\S$e�`|UuUPfd^|Wdm�U$tuS4KHZThdSchk^_ZRYH^_W.Yl^ae#S�ZThdSz`_UuUXf YlZRM$KTZTS e7^|W�2uZ\S4f�ºPv
�Dhd^aY0SFW.edY�^_W(M�W,]db ! S4KAUqr O4M$W.e#^aekMqZTS YV¨ � hd^aORh"M$KTS=Z\S$Y[Z\S$e"M rsZ\S4K � MqKRekY�MqW.ezMqK\S�e#KTUXfdf.S$e
^ r�ZThdSFo�r M$^_`�ZThdSnKTS �u]d^|KTS4bcSFW#ZNYVv=³dKTUXb�ZThdSw� � U$r32�ZTS4f ºgZThdSz¥�OVUPK\KTS$OVZ\^_UXW.YJMqK\S"e#UXWdS
rsUPKDZ\hdSJ¢D�\£�hd^_ZNYVvC>Do�rsUPK\bc^_WkmHM�Z\KT^aM$WdmP`|S � ^_Z\h?Z\hdS�OVUuUPKNe#^_W{MqZTS YªUqr�
 � ]dZTS4K�hd^|Z-$B0�`|UuYlS4K
hd^_Z%$'9�KT^|b�MqK\o ��S4K\ZTS4���"Z\hdScO�]dKTtXMqZ\]dKTS�MqW{e�Z\hdS?Z\KRMXOjQ e#^_K\S$OVZT^|UPW�M$Z�Z\hdS"�.KRYlZgM$W.e�`aMPYlZ
f*UX^_W,ZJOFMqW ! SzOVUXbcfd]dZ\S$e©v�³dKTUXb�ZThdSz¢D�T£	OVUuUXKRe#^|W.MqZ\S$Y=Uqr�ZThdSHhd^|Zx^|W�ZThdS�0�`_UuYlS4K�`aM4ouS4K
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��S � ]d^|KT^|WdmJMJbc^|Wd^_b�Mq`h' + ¨PZ � UJf.MPY\Y[S$Y0rsUXKªZ\hd^aY�KTUP]kZT^_WkS
MqKTS�f*SFK[rsUPK\bcS$e©vz�DhdS"�.KNY[ZHKTS$O�UPW.YlZTKT]{OVZRYHh.MqKNe#S4KHZTKNMPORQdY � ^_Z\h.' +�� � «P« =2S �����"M$W.e
ZThdS(Y[S$OVUXW.e2f.MXYTYJYlUqrsZJUXWdS$YJe#U � W�Z\U ' +�� ¿ « =2S �����$v.,¤Yl^_bcfd`|SJ^_W,ZTSFKRY[S OVZT^|UPW�Uqr�ZThkS

�WkWdS4K�`pM ouSFK�OV^|KROV`|S � ^_ZTh"Z\hdS=`_^|WdS=O�UPWdWdS OVZT^|Wdm � ]dZ\S4K�M$W.e-0�`|UuYlS4K�mP^|tuS$Y�MxfkKTU ! M ! `|S=f*UX^_W,Z
UPW2Z\hdS 
wWdWdS4K=`pM ouSFK4v
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ZThdS"¢J£�tXM$`_]dS$Y�^_W�ZThkS�`pM4ouS4K�OVo#`|^_W.e,S4KRY � hd^aORh�MqK\SH].Y[S$ecZ\U"b�MqQuSiMgWdS � S4�,ZTKRM$f.UP`aM$ZT^|UPW
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�xS4f.S4W.e,^_Wdm"UXW�ZThdSnMPO�ZT].M$`y' + M"KTS$Yl^ae#]{Mq`BOV]dZDrsUPK�ZThkS�hk^_ZRY=^aY=OFMq`aO�]d`aM$ZTS$e�MqW{eyZThkSghd^|ZRY
� ^_Z\h�Z\hdScYlb�Mq`|`_S$YlZxK\S$Y[^pe#].M$`aYgM$KTS�Y[S4`|S$OVZ\S$e©¨AYlZTUPK\^_WdmIZThdS�Y[]kb U$r�KTS$Yl^ae#].M$`aYxrsUPKnM�`aMqZ\S4K
e#S$OV^pY[^|UPWAvB�DhdSJZTKNMPORQ?^pYªWdU � Z\S$Y[Z\S$e?^ r�^|Z=YlZT^_`|`.h.MPY=MHhd^_Z�^_WcS$MXOjh�`aM4ouS4K�MqW.ecZ\hdSJhd^|ZRYDM$KTS
OjhkS$OjQuS e?^ r�ZThkS4oIMqKTS"]{Y[S$e�Z � ^aOVSuv 
wW�ZThdSzO4MXY[S"U$r=e,UP] ! `|S"].YTM$mPSzZThdS"Z\KRMXOjQ � ^_Z\h�bcUPK\S
MPY\Y[U,OV^pMqZTS e7hk^_ZRYHUPK"Z\hdS�Y[b�Mq`_`|S4KJK\S$Y[^pe#].Mq` Y[]db Y[]dK\t#^|tuS$YHMqW.e¡ZThkScUPZ\hdS4KzO4M$W.e#^aekMqZTS�^aY
Q#^|`_`|S$e ! ocmXS4ZTZ\^_Wdm�M ! MPe � ]{Mq`_^|Zlo 	 MqmkvD�Dhk^aY�O4MqW�h.M$fdf.S4W�Y[^|W.OVSJZ\hdS"YlZTS4f.YJºR� ¿ MqKTSH^|W2M
`_UuUXf�Y[Z\KT].O�ZT]dK\Suv


 �$¯,®~68;H³dKTUXb WdU � UPW�ZThkS"ZTKRMXOjQIO4M$W.e#^pedMqZ\S$YHMqKTS"K\S$OVUXW.Y[Z\KT].OVZ\S$e�MqW{e�Y[UPb�S"`aMPYlZHOV]dZNYJMqW{e
OjhkS$OjQkY�MqKTS�e#UPWdSiZTUPmXS4ZThkS4K � ^|ZThzmPS4UXbcS4ZTK\^aO4M$`dZT]kWd^_Wdm�YVv�,xm�Mq^|W?Z\hdS � rsK\UPb�ZThdS�bcU,e#]d`|S
OVS4W,ZTK\ScUqrHZ\hdS � ]dZ\S4Kz`aM4ouS4Kg^pY­]{Y[S$e�ZTU�b�MqQuS�M ¥�OVUXKTK\S$OVZT^|UPW·ZTU�ZThdS�¢D�T£�hd^|ZRY�v8,JY
WdUcrs]dKTZ\hdS4Kn¥c^_W#rsUXKTb�M$ZT^|UPW�^aYHM4tXMq^|`aM ! `_S"ouS4ZF¨LZ\hd^aY�^aYJZThdS ! S$Y[ZnM$fdfdKTU�MPORhAvc³dK\UPb;ZThkS$Y[S
OVUPK\KTS$O�ZTS$eg¢D�\£ OVUuUPKNe#^_W.M$ZTS$Y�Z\hdS=OV]kKTtXMqZ\]dKTS MqW.egZ\KRMPORQne#^_K\S$OVZ\^_UPW{Y0M$KTS=OFMq`aO�]d`aM$ZTS$e©¨XMqm�Mq^|W
].Y[^|Wdm"MgZ\KT^pMqWdmX`_SxrsK\UPb � ]dZ\S4K4¨ 
�WkWdS4K=M$W.e?0�`_U�Y[S4K�`aM4ouS4K4vB�DhdS"¢D�\£ hd^|ZRY=M$KTSHORhdS$ORQuS$egZTU
! ScOVUXW.Y[^pY[Z\S4W#Z � ^|ZTh�ZThdS�¥yf.UuYl^_Z\^_UPW v?2u^_W.O�S"ZThdS�¥2S$e#mXS$YHMqKTSzQ,WdU � W¡UPWdS�O4M$W¡ZTS$YlZ4¨A^ r
Mq`|`D¢D�\£�bcU,e#]k`_S$YJM$KTSzUPW�ZThdS�YTM$bcS"¥IY[^pe#S"UPKH^_W Mcfdh,odYl^aO4M$`_`_o�f.UuY\Y[^ ! `_Szf.UuY[^|ZT^|UPWA¨©rsUPK
M­Z\KRMXOjQ?rsK\UPb�ZThkS�fkKT^_b�MqKTo�tuS4KTZ\S4�?f{MPYTYl^_Wdm�ZThdK\UP]dmXh�Mq`_`AZ\hdKTSFS�b�U,e#]d`_S Y�� /�v�mdv=M"ZTKNMPORQ
OVUP]k`ae�WdUPZnf.MPY\Y�ZThkSctuS4KTo�rsUPK � MqKNe�bcU,e#]k`_S"^_W�ZThkS?0�`_U�Y[S4KH`aM4ouS4K�MqW.e�OVUXbcS�rsK\UPb ZThdS
fdKT^|b�MqK\o"tuS4KTZ\S4��Y[^_bz]d`|ZRMqWkS4UP].Yl`_ou¨�Y[S4SJ�.mkv ¾ v ¾ v


 �$¯,®��5;H�DhdSI¥q� hd^_Z(MPY\Y[U,OV^pMqZT^|UPW·^aYge,UPWdS�}wYlS4S�WdS4�,Z"YlS$OVZT^|UPW©�N¨�MqW.e¡Z\hdS � M$W.e 0 � rsUXK"ZThdS
ZTKNMPORQ?f.M$KRM$bcS4ZTSFKRYx} ¾ v ¿ � O4MqW ! S"OVUXbcfd]dZ\S$e©v


 �$¯,®��8; &JYl^_WdmHZ\hdSHMPY\Y[U,OV^pMqZ\S$ec¥q� hd^_ZNYªZThkS��.W{Mq`A¥nOVUPK\KTS$O�ZT^_UXW.YªZ\UHZThdSg¢��T£�hd^|ZRY�O4MqW ! Sie#UPWkS
MqW.e"t,^aOVS�tuS4KRY\M#v', Z\KRMXOjQg�.ZBmP^_tuS Y0ZThdS=�.W.M$`.ZTKRMXOjQnf.MqKNMqbcSFZTS4KNY0M$W.ecOVU$tXMqK\^aMqW{OVS=b�MqZ\KT^|�©v


�W52uZTSFf.Y�ºR� ¾ ZThdSz¢D�T£¼MPY\Y[U,OV^pMqZT^|UPW�^pY�f.S4KlrsUPKTb�S$e©¨ � hd^pOjh e#SV�.WdS Y�Z\hdSgbcU�Y[Z�^_bcf.UXKTZRM$W#Z=f{MqKTZ
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,x`_`A]dW{MPYTYlU,OV^aM$ZTS$e2hk^_ZRY � hd^pOjh OVUPbcSJrsK\UPb�ZThdS(YTM$bcSgbcU,e,]d`_SnMPY�ZThdSz¢D�T£½hd^|ZRYx^|W2Z\hdS"OVUXKTK\SV�
Y[f.UPW.e,^_Wdm � ]dZ\S4KJUXK;0�`_U�Y[S4K�`aM4ouS4KiMqK\S"OVUX`_`_S OVZTS$e?rsUXKJZThdS(MPY\Y[U,OV^pMqZT^|UPW�Uqr ¥q� hd^_ZNYVv =2U�Y[ZJU$r�ZThdS
¥q�whd^|ZRY�M$KTS�WdUPZ�]dWk^ �u]dSu¨ ! S$O4M$].Y[S�Uqr Z\hdSx`|^_bc^|ZRM$ZT^_UXWHUqrAZ\hdS=KTS MPe#UX]dZ�S4`_S$O�ZTKTUXWd^aOFYV¨ � hdSFKTS�Y[SFtuS4KRM$`
¥yYlZTK\^_f.YJM$KTSzKTS4`pMqZ\S$eyZ\UyUXWdSzS4`_S$O�ZTKTUXWd^aOHORh.MqWkWdS4`wvn�Dhd^pYxbcS$M$W.YJM?hd^|ZHOVUXKTKTS Y[f.UPW.ekY�ZTU�Z\hdKTS4S�¨
Z � U?UXKJUPWkS"¥?f.UuYl^_Z\^_UPW{YirsUXKxZ\hdSgf{MqKTZ\^aOV`|S"OVK\UuY\Y[^_WkmcZThdS(Y[^|`_^aO�UPW � M4rsS4K4v�,x`|`AZThdS$YlSz¥?f.UuYl^_ZT^|UPW.Y
MqKTSHZ\KTS$M$ZTS$ecMXY�^|W.e#S4f.S4W{e#S4W,ZDhd^|ZRY � ^_Z\hIe#^ A S4K\S4W#Z ¥­tXM$`_]dS$Y�v��DhdSHb?]k`_ZT^|fd`_SF�#^|WdmJ^_W�Z\hdS�0�`_UuYlS4K
`aM4ouS4K=O�UP]dW,ZRY=UPWdSnUPK�ZThdK\S4SHhd^_ZNYV¨d^|W2ZThkS�UX]dZTSFKx`pM ouSFKDUPWkSgUPK�Z � Uzhd^_ZNY=MqK\SgmPK\UP]df.S$e2Z\UPmXS4ZThdSFK4v
�DhdS=e#^pY[ZNMqW.OVS=^|Wz¥xtXMqK\^_S$Y�e,]dS=ZTUJZ\hdS�ORh.MqWdmX^_Wdmifd^_ZNOjh(Y[ZTK\].OVZ\]dKTSi}wY[SFS�Ojh.M$fdZTSFK�"u��MqW.e"^aY�M ! UX]dZ
ºPv@?4� ¿ v � OVb�^_W�ZThdS�0�`|UuY[SFKJM$W.e�"#v � OVb ^|WcZThkS � ]dZ\S4K=`aM4ouS4KFv
� � U"b�M4%TUXK=f.UuYTYl^ ! ^|`_^|ZT^_S YDM rsZ\S4K�Y[S MqKRORhd^|WdmgrsKTS4Sn¥q� hd^_ZNY=O4MqW�U,O4O�]dKj�

ºPv�}wMu�cUPWkS�hk^_Z=^_W�UXWdSH`aM4ouS4KJ} � ]dZTS4K=UXK 0�`|UuYlS4KV��UXK
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�DhkS�� ��¥�Y[^|ZT].M$ZT^|UPW¡U$r�ZThdSztuS4KTZ\S4��e,S4ZTS$O�ZTUPKH^pY�^_`|`_].YlZTKNMqZTS e2^_W��.mkv ¾ v ¾ ¨BY[hdU � ^|Wdm2Z\hdScf#� W 	.^|f
! UX]dW.edM$KT^_S YxUqrBZThdS � ]dZ\S4K�MqW.e 0�`_U�Y[S4K=`pM ouSFK4v

� . �4¯.9


~r�UXWd`_oIUPWdS(Y[S4W{Y[^_Z\^_tuSH`aM4ouS4K=h{MPY�rsK\S4S"¥q� hd^_ZNYV¨.ZThdSFW�WdUchd^|ZJMXYTY[U,O�^aMqZ\^_UXW�Z\U?Z\hdS"ZTKNMPORQc^aYJe,UPWdSuv
�DhkS �	^aY�OVUPbcfk]dZTS$e"rsKTUPb�ZThkS�fkKT^_b�MqKTo"tuSFKTZTSF�z¥q�lOVUuUXKRe#^|W.MqZ\SnMqW.e�ZThdSHORhdU�Y[S4W�¥q� hd^|Z ! ]dZ=ZThkS
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K\S4`_^pM ! `|Suv'
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`pM4ouS4K=Uqr�ºHUPK ¿ v.>DocK\]dWdWd^|WdmcU$tuS4K�M$`_`Af.UuY\Y[^ ! `_S"O�UPb ! ^_W.M$ZT^|UPW.YDZ\hdS$Y[SnM$b ! ^|mP]d^|ZT^|S$YDYlhdUP]d`pe ! S



¾ v���S4KTZ\S4���xS4Z\S$OVZTUXK��LKNMPORQ#^|Wdm �P¿

0

2500

5000

7500

10000

12500

15000

17500

20000

-6 -4 -2 0 2 4 6

 ∆Zext [cm]

N
/0

.0
12

3 ± ²54�°q¯�687 �5; � GI?wJ�M �1?�WS?�LNn�?wQSArBHGI? ?�� BPWS\XT]Q�g#\�BP?XJ����aµ���BPQ BHGI?FT�WXMH^*\oW � s�?�WXBP?�� 	�qzGI?�L g Q�QXT�MHL�Y
Qos�?�W[\ogOg&T]Qj`X`CM ��g#?�BPq8Q �VbEGIMHBH`�`�Q�g#tIBPMHQ�L ` i��zGI?_J�Q�t ��g#?1T]?�\ p*`�BPWXtIn�BPtIWS?_n�\ot�`�?�J ��� BHGI?_^_tIg#BPM T�g#?��jMOLoY M|`
s�M�`�M ��g#? i[� GI?�K
gHg ?XJ_GIM|`�BPQ YIWS\�^�`XGIQ�qz`�BHGI?�`�?�g#?�n�BP?�JU`CQ�g#t&BPMOQoL]`[q8MOBHGrBHGI?F^*MHLhMH^_\�g ��J�M ��?�WS?�LNn�?ji

Y[UP`|tuS$e©¨ ! ozKTS �u]d^|KT^_WkmzMgbc^_Wd^|b�Mq`{e#^aYlZRMqW{OVSHUqr�Z\hdSHZTKRMXOjQzZTUzZThkS�fkKT^_b�MqKTo"tuSFKTZTSF� �' � ^_WI¥c�

¥ � ¹
�
¥�� ��¥��

 ¦�}
	 ���g� �  ¦�}
	 �~'8��� - ¥
� � } ¾ v � �

 0��aµ��A¹½¥ � ��¥ � �~� } ¾ v � �

�DhdS"tXMqKT^pM ! `|S�} ¾ v � � ^aYJYlhdU � W�^|W2�.mdv ¾ v � � hdSFKTS"ZThkS"S A S$OVZJU$rDbz]d`|ZT^_fk`_S4�,^ Wdm"^aYxt,^aYl^ ! `|Sg^|W�ZThdS
WdS4^_mXh ! UX]dKT^|Wdm�f.S$MqQkY­`|SVrsZ"M$W.e�K\^_mXh#Z"U$rJZ\hdS�f*S MqQ·MqZ �4SFKTUdv�³dUXK"S4�dM$bcfd`|Su¨0ZNMqQ,^_Wdm�K\UP]dmXhd`_o
¥d}
	H�T¹i¥��V¹*"N2 � OVb M$W.e ¥��[¹nºI2@?�OVb rsUXK?Z\hdS�b?]k`_ZT^|fd`_SF�#^ Wdm�^_W�Z\hdS � ]kZTS4K�MqW.e80�`_U�Y[S4K"`pM ouSFK
ZTUPmXS4ZThkS4K � ^_Z\h  ¢J¹ ¾ 2 � OVb MqW.eIO4Mq`pOV]d`aM$ZT^|Wdm"^_WcZ\hdS�� ��¥?fd`pMqWdSr�

 ¥g¹
�H¢H}
	H�\»  ¢J»u} ¥�� ��¥��[� - ¥d}
	H���½«N2 � OVb � } ¾ v � �

� ^_ZThc¢�}
	�� /���� �D¹	º4«h2@?nOVb�¨PS4�,fd`pMq^_W{Y0ZThdS�f.S$MqQkY�MqZ��H«h2 � OVb�¨ � hd^aORh"KTS4f.S$M$Z�MqZD`pMqK\mPS4K�tXMq`|]dS$Y
Uqr  0��aµ��lv���hdS4WzORhdUuUuYl^_WdmHZ\hdS�OVUPb ! ^|W.MqZ\^_UPW � ^_Z\h?Z\hdS=bc^_Wk^_b�Mq`  0��aµ��.ZThdS=WkS4^_mXh ! UP]kKªf.S$M$QdY
e#^aY\Mqfdf.S$M$K4v��AU�mXS4Z�MJZTKT]{Y[Z � UXKTZTh,ozMPY\Y[U,OV^pMqZ\^_UPW�ZThdS=bc^|Wd^_b�Mq`,Y[UX`_]dZ\^_UXW.Y � ^_ZTh  0��aµ�� ��«N2 "HOVb
MqKTS"ZNMqQuS4W vH�DhdS"ZTKNMPORQy`|S4WdmXZTh ! S4Z � S4SFW � ]dZTSFKHMqW.e 0�`|UuYlS4K  ¦D}�	 ���g� O4M$W ! S�O4M$`aOV]d`pMqZ\S$e
rsKTUPb ZThdS � ¨ 	"f.UuY[^|ZT^|UPW.Y=Uqr�Z\hdS"¢D�\£�hd^_ZNY=MqW.e�ZThdSHZ\KRMPORQ�OV]dKTtXM$ZT]dK\S"¸c¹�ºq»X¢��

Y[^_W } ��»�"u�D¹"!  � ) -  	 )" ¢ � } ¾ v � �
 ¦�}
	 ���g��¹	¢~��� �



�$¾ ¾ v "#v���S4K\ZTS4� �xS4Z\S$OVZTUXK��LKNMPORQdY

�AUPmXS4ZThkS4K � ^|ZTh�ZThkSg¥q� hd^|ZRYDZThkS ��tXM$`_]dSH^aYDmX^_tuS4W ! o5�

ZRMqW���¹  ¦�}
	 ���g�
¥�� ��¥�� � } ¾ v@?u�

�DhkS¡¥q� hd^_ZIMXYTY[U,O�^aMqZ\^_UXW rsUPK1�D� ZTKNMPORQdYc^aY�Yl]dbcb�M$KT^aYlS$e¡^_W½ZRM ! `_S ¾ v_ºPv �DhdS e#^ A S4K\S4W.OVS�^|W
ekMqZRMIMqW.e =2UPW,ZTS=0�MqK\`_UIY[^|b?]k`aMqZ\^_UXWyrsUPKHZ\hdS=>JºzM$W.e >["cfdK\U,OVS$Y\Y[^_Wkm�e#^pYTMqfkf*S MqKRYJ^|W�Z\hdS=> ¿
fkKTU,OVS$Y\Y[^|Wdmdv 
wbcfdKTU$tuS$e"S�*�OV^_SFW.OVo"ZRM ! `_S YªfdK\Uqt,^ae,SgM$mPK\S4S4bcS4W,Z ! S4Z � S4S4W�edMqZNM?M$W.e�Y[^_bz]d`pMqZT^|UPW
O�UPW.OVSFKTWd^|Wdm"ZThdSn¥q� hd^_Z�MXYTYlU,OV^aM$ZT^_UXWAv

8 . 
 � ¯ 6 7E9<;���t&^_^*\oW �w`�BP\�BPM|`CBPMHn�`�\��,Q�t&B �&bEG&MOB�\j`�`�Q�n�MO\oBPMOQ�LRQSA 	�� BPWS\�n�p�`[T���W���s���LhB ACQ�WF`���s���WS\�g
�	��

����� T�WSQ�n���`X`CMHL�Yo`�QSA�J�\�BP\�\oLhJ `�MO^_t&g \oBPMOQ�Lci

"?¥q� hd^|ZRY ""¥q� hd^_ZNY ºH¥q�whk^_Z � ºn¥q�whd^|Z �xUz¥q� hd^_ZNY WdUz¥q� hd^|ZRY�MPYTYlU,OPv
2,M$bcfd`|S O4MXY[S�" M rsZ\S4KiOV]dZ f.S4K=`aM4ouv f*SFKx`pM o�v rsUP]dW.e Z\U"ZTKRMXOjQ
? ¾ >Jº�= 0 «#v � � «,v � � «#v «#º «,v¬« � «#v « � «,v#" �
? ¾ > ¿ = 0 «#v � " «,v � « «#v « � «,v_º � «#v « � «,v ¾ «
? ¾ 0�"�= 0 «#v � � «,v � « «#v « � «,v_º ¿ «#v « ¿ «,v ¾ «
? ¾ >["zedMqZNM «#v �5� «,v � « «#v « ¿ «,v_º ¾ «#v « � «,v ¾ «
? ¾ > ¿ edMqZNM «#v � � «,v � « «#v « ¿ «,v_º ¾ «#v « � «,v ¾ «
? ¾ 0�º"edM$ZRM «#v � « «,v � « «#v « ¿ «,v_ºPº «#v « � «,v ¾ «

�i�
�����  � ���n� � �k�l� � ��� � 
�� �	� � � ��� � �
�DhkSR��e#^pY[ZTK\^ ! ]kZT^_UXW�U$r.�D��ZTKNMPORQdY � ^|ZTh�Z � U�¥q� hd^_ZNYJ^_W��.mdv ¾ v � YlhdU � Y�ZThkScYlS4W.Y[^|ZT^|tuS"tuS4KTZ\S4�
e,S4ZTS$O�ZTUPK�¥yKRM$WdmPS�MqW{e�Z\hdS ! `_^|W.e��.9:0�K\S4mP^|UPW�MqZ���¹ ?P«��qv"�Dhk^aYxtXMq`|]dSz^aYJYl`_^_mXh#Z\`_oIY[hk^ rsZTS e
e,]dScZTU�Z\hdSce,^aY[fk`aMPO�S$e�fkKT^_b�MqKTo�tuS4K\ZTS4�I^_W�ZThdS &('*),+.-0/ rsKNMqbcS�} ¥�¹=�l«,v � OVb2�Rvz�DhdSz`aMXOjQIUqr
Z\KRMXOjQ,^_WdmH^|W"ZThd^pY§K\S4mP^|UPW"^pY§K\S4muM$^_WdS e ! o"Z\hdS.�D��ZTKRMXOjQkYVvB�DhdS�OVUXKTKTS Y[f.UPW.e,^_Wdm(e#^aYlZTKT^ ! ]dZ\^_UPWgrsUXK
�7� ZTKRMXOjQkY � ^|ZThdUX]dZ�¥q� hd^_ZBMPY\Y[U,OV^pMqZT^|UPW�Y[hdU � Y�ZThkSªrsUP]kKªb�U,e#]d`_S�YlZTKT]{OVZT]dK\Su¨ � hd^pOjh(OVUPb�S$Y rsK\UPb
Z\hdS�f#�wW 	.^_fdf.S$e"bcU,e#]k`_S=ZTS OjhdWk^ �u]dSuvA³dKTUXb�ZThdS*��e#^aYlZTKT^ ! ]dZ\^_UPW"U$r�ZThdS.�7� Z\KRMPORQkY§^|W­�{mdv ¾ v � ^_Z
^pY=OV`_S MqK=ZTh{MqZDrsUPK=hk^_mPhIbcUPb�S4W#Z\]db�b�MqW,ozZTKRMXOjQkYDmPUX^_WdmzZThkKTUP]kmPh��.9:0 OVKRMXOjQkY=MqK\SnY[S4S4W $©} rsUXK
hk^_mPh"b�UPbcS4W,ZT]kb ZTKNMPORQdY�� � £=�Nv��DhdS�f.S4KT^|U,e#^aO�KTSFf*SFZT^_Z\^_UXWgUqr{ZThdS�£�OVKRMXOjQkY©S4tuS4K\o � « � ¹nº&2¬« ¾ ?
KNMPe#^pMqW.Y�^pY0t#^pY[^ ! `_Suv�=2UXW#Z\S60�MqKT`|UHY[^|b?]k`aMqZ\^_UXW"MqW{egbcS$MPYl]dKTS egedM$ZRMHMqK\S=fdKTS$YlS4W,ZTS$eg^|W"ZThdS�Y\MqbcS
hk^aY[Z\UPmXKRMqb�Y0M$W.e"Y[hdU � Yl`_^|mPh,Z�e#^ A S4KTS4W{OVS$Y©^_WnZThdS�mXS4UPbcSFZTKT^pO4Mq`XS�*�OV^_S4W{OVoJM$W.egMXO4OVS4fkZRMqW{OVSuv��DhkS
hk^aY[Z\UPmXKRMqb�Y�h.M4tuS ! S4S4WIWdUPK\b�Mq`|^aY[S e?ZTUcZ\hdSHW#]kb ! S4K�Uqr�S4W,ZTK\^_S$Y�¨dZThdSFKTSVrsUXK=UPWd`|o2e,^ A S4KTSFW.OVS$YD^|W
e,^ A S4KTSFW#Z\^aMq`Be#^pY[ZTK\^ ! ]kZT^_UXW.YJM$KTS"t,^aY[^ ! `_S�vJ�DhdS"Z\UPZRM$`�S�*�OV^_SFW.OVo�e#^ A S4KTS4W{OVS$Y ! SFZ � S4S4W edMqZNMyM$W.e
Yl^_bz]d`aM$ZT^|UPW"M$KTS=fdK\S$Y[SFW#Z\S$e�^|WgZRM ! `_S ¾ v#",v 0�UPb�f.MqK\^_WdmJZ\hdS=ZTKNMPORQHf.MqKNMqbcS4Z\S4KRYAUqr Z\hdS.�D� ZTKNMPORQdY
M4rsZTS4K�K\S$OVUPW{Y[ZTK\].OVZ\^_UPWzM$W.ecM$ZDYl^_bz]d`aM$ZT^|UPWg`|S4tuS4`u^|WzY[^_bz]d`pMqZT^|UPW(YTMqb�fd`_S$YBOjhdS OjQkYLZ\hdS=fd]dK\^_Zlo"M$W.e
K\S$Y[UX`_]dZ\^_UXW Uqr�ZThdS�ZTKNMPORQdY�v �Dhk^aY � MXY?e,UPWdS � ^_ZTh�Z\hdS��.4���/ ,D2�K\UP]dZ\^_WdS ) ¾ � + � hd^pOjh¡Z\S$Y[ZNY
Z\hdSgZ\KRMXOjQkY ! o�OVUPbcf{MqKT^|Wdm"ZThkS�Z\KRMXOjQcf{MqKRM$bcS4Z\S4K=].Y[^|Wdm�M��
)Vv.
~r§M?Yl^_bz]d`aM$ZTS$e"ZTKNMPORQcb�M$ZRORhdS$Y



¾ v���S4KTZ\S4���xS4Z\S$OVZTUXK��LKNMPORQ#^|Wdm � �

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

1 1.5 2 2.5

 Θ [rad]

dN
/0

.2

a)

0

0.005

0.01

0.015

0.02

0.025

0.03

0.035

0.04

1 1.5 2 2.5

 Θ [rad]

dN
/0

.2

b)

0

0.005

0.01

0.015

0.02

0.025

0.03

0 1 2 3 4 5 6

φ [rad]

dN
/0

.0
5

c)
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K�gOg �XJ�n�MOWSn�g � ` 	8G&M�`�BPQ Y&Wm\o^�`�W � T�W ��`���LhB�BHG ���fQ�LNB ����\�W�g#Q `�MO^_t&g#\�BPMOQoL�i���\�W�B�\	� `�G&Q�qz`*BHG �_�.ACQoW�	 �
BPWS\�n p�`�q8MHBHG�BPq8Q �&b:GIMOBH` 	NTV\�WXB �
��BHG ��J�M�`�BPWXM
� tIBPMHQ�L1A�Q�W�BPWS\�n p�`�q8MHBHGIQ�t&B��&b:GIMOBH` 	cY ��BPBPMHL�Y�BHG ���>ACWSQ�^ BHG �
^_Q�J�tIg � ^_MOJ�J]g � MOL �hiw�zG � � J�M|`�BPW�M ��t&BPMOQoL�M|`[YIMHs���L TV\�WXB�n���A�Q�W�BPWS\�n p�`*q8MHBHG�^_Q�W ��BHGI\oL
��� � 	��hn
BPWS\�L `Cs ��W,` ��^_Q�^ ��LhBPt&^�i
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K\S$OVUXW.Y[Z\KT].OVZ\^_UXW�`|S4tuS4`�^aYxmXS4Z4v��x]dSzZTU�Z\hdS­�{WdSzY[f.M$ZT^pMq`�KTS$YlUP`|]dZT^|UPW�Uqr=Z\hdSztuS4KTZ\S4�Ie#S4ZTS OVZTUXKHM
r M$`aYlSJhd^_Z�e#S Y[ZTK\U$odY�ZThdS � hkUP`_SiOVUXbcf.MqK\^aYlUPW�MqW.ecZThkS �
)ªtXMq`|]dS � ^|`_` ! `|U � ]df?rsUPK�ZThdS�OV]dKTtXM$ZT]dK\S
UXKJZThkSw�¤tXMq`|]dSuvi�DhdS"ZTKNMPORQdY�MqK\SgrsUP]dW.e2Z\UcmPSFZJ`_^|WdQdYDrsUPK � «�� Uqr�ZThkSgZ � U�¥zhd^_ZJZ\KRMXOjQkYxM$W.e
¾ «��
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,iY�Yl]dbcb�M$KT^pY[S$ec^_W�ZRM ! `_S ¾ v#",¨Lb�UPKTS"Z\KRMXOjQkYxf.S4KHS4tuS4W,Zxh{M tuS ! S4SFW2rsUP]dW.e�^_W�ZThkSzedMqZNMyZTh{MqW
^|W�ZThdS =2UXW#Z\S 0�M$KT`_U·Yl^_bz]d`aM$ZT^_UXWAv½�Dhd^aY�Y[hdU � YcZTh.M$Z�ZThdSItuS4KTZ\S4�·e#S4ZTS OVZTUXK?S�*�OV^|S4W.OVo�M$W.e
UXZThdSFKJZTKNMPORQ#^|WdmcYl^_bz]d`aM$ZT^|UPW.Y=M$KTS"WdUXZJ^_WIf*SFK[rsS$OVZiMqmXKTS4SFbcS4W,Z4v.9�KTU,O�S$YTYl^_Wdm�Y�M$mPK\S4S ! S4ZTZ\S4KJM$W.e
! S4Z\ZTS4KF¨�Y[^|W.OVSzb?].ORh � UXKTQ � MPYg^_W,tuS$YlZTS$e2^|W¡S�*�OV^_S4W{OVo�ZRM ! `_S$YnMqW.e�Mq`|^_mXWdbcS4W,Z4v 
�W ZThdScWkS �
fkKTU,OVS$Y\Y[^|Wdm�? ¾ 0�º2bz].Ojh `_S$Y\Y �D� Z\KRMPORQkY­h.M4tuS ! S4S4W�rsUP]dW.e�ZTh.M$W ! SVrsUPK\Suv��Dhd^pY­^pY"e#]dS2Z\U
M$W¡^_b�fdKTU$tuS$e�ZTKRMXOjQ�SF�#Z\KRMqf.UX`aMqZ\^_UXW�rsUPKntuS4KTZ\S4��e#SFZTS$OVZ\UPKJhk^_ZnMPY\Y[U,OV^pMqZT^|UPWA¨ ! S4Z\ZTS4K(Mq`|^_mPWkbcS4W,Z
M$W.e M$W�^_bcfdK\U$tuS$e2ZTKNMPORQ��.W.e#^|Wdm2rsKTUXb 
wWdWkS4K��xS4Z\S$OVZTUXK"M$W.e¡tuS4KTZ\S4�¡e,S4ZTS$O�ZTUPK(�./�Yc}�
 � �7�
Z\KRMXOjQ,^_Wdm,�Rv·�Dhd^aYgf{MqKTZ\`_o�YlUP`|tuS$YgZThdSI�.9:0�OVKNMPORQ�MqW{e�`_U � S4WdS4K\mPo¡S<*�OV^|S4W.OVo�fkKTU ! `_S4b M$W.e
O�UP]d`pe�fkKTUq�{Z�rsK\UPb Z\hdSnMq`_mXUPK\^_ZThkb�Y=e#S4tuS4`|UPf.S$e?hkS4KTSuv

8 . 
 � ¯w687��5;_k[s ��WS\�Y �[LNtI^ � ��W�Q A 	��~BPWm\on�p�`1\�LhJ_BHG ��W � `Ct&g#BPMOLoY*BPWS\�n p�B �,T���	NT���W ��s ��LNB�A�Q�W�J�M � ��W ��LhB
T�WSQ�n���`X`CMHL�Yo` 	<`�MH^*t&g#\�BPMHQ�L�� � � �U\oLhJ J�\�BP\Ii

fdKTU,OVS YTY[^|Wdm �D��ZTKNMPORQdY �nS4tuS4W,Z "?¥q� hd^|ZRY=MPY\Y[U,OPv WdUz¥q�whk^_Z�MPY\Y[U,OPv
= 0 ? ¾ >Jº ºPv �P¿ � � � " � �
= 0 ? ¾ > ¿ ºPv|º ¿ � «�� ¾ « �
= 0 ? ¾ 0�" «#v ¾�� ��� � ¿ " �
edMqZNM ? ¾ >[" ºPv �P¿ � «�� ¾ « �
edMqZNM ? ¾ > ¿ ºPv �P¿ � «�� ¾ « �
edMqZNM ? ¾ 0�º «#v � « � º � ¾ ? �

�i�
���~� � � �6�l� �A� �k�l��� � �D���	� � � ��� � �
,�WdUPZ\hdS4KcmXUuMq`iUqrHZ\hdS2S4tuSFW#Z"K\S$OVUPW{Y[ZTK\].OVZ\^_UPW·^aY?Z\hdS2^pe#S4W,ZT^ � O4MqZ\^_UXW�U$r(Y[S$OVUXW.edM$KTo�h.MPe,KTUPWk^aO
^|W#Z\S4KRMXOVZT^|UPW.Y�v�,¤h.MPe#K\UPWd^pO­tuSFKTZTSF��MqZHZ\hdS=
wWdWkS4KD�xS4Z\S$OVZ\UPKJUXKgZThkSz�.9$0 � Mq`|` � ^_`|`�S4W.e � ^_Z\h
UXWdS�Ojh.M$KTmXS$e�Z\KRMXOjQ Y[ZTUXfdfd^|Wdm�^_W�ZThdS � Mq`_`§MqW.e�M ! ]kW.Ojh�U$r=UXZThdS4KHZ\KRMPORQkYJY[ZNMqKTZ\^_WdmcrsK\UPb;ZThkS
� Mq`|`wv=2uUPb�SgS4WdSFKTmPo�`|UuY\Y�e,]dS?Z\U�^_WdS4`pMPYlZT^aOg^|W#Z\S4KRMXOVZT^|UPW.Y�^aYxS4�,f.S$OVZ\S$e©¨©Z\h.MqZnZThdS"S4WkS4KTmXo�Y[]db
e,UuS$Y­WkUPZgWkS4S$e�Z\U ! Mq`pMqW.OVS�v ,�rsZTSFKgZThkSc^ae#SFW#Z\^ � O4M$ZT^|UPW�Uqr�ZThkSc^_W,ZTS4KNY[S$O�ZT^_UXW�f.UX^_W,ZgrsKTUPb ZThkS



¾ v���S4KTZ\S4���xS4Z\S$OVZTUXK��LKNMPORQ#^|Wdm � ?

0

250

500

750

1000

1250

1500

1750

2000

2250

0.1 0.2 0.3 0.4 0.5 0.6
mµν [GeV]

E
N

T
R

IE
S 

⁄ 2
M

eV DELPHIπ→µν

K→µν

K→ππ0

0

50

100

150

200

250

300

350

1.1 1.15 1.2 1.25 1.3 1.35 1.4
mπn [GeV]

E
N

T
R

IE
S 

⁄ 4
M

eV DELPHI
Σ→πn

VDONLY RΦZ

(RD 94B3)

Ξ→πΛ0

3 ± ²54�°q¯f6 7��8;��zG ��MHLhs�\oW�MH\�LhB8^_\j`X`���`�QSA[pjMOL p�n�\oLhJ�MHJ�\�B � ` i���L�BHG �_g �PA�Bz`�MOJ
� `�G&Q�q8L[A�Q�W 	 � BPWS\�n p�`
^ �X\j`�tIW �XJrq8MHBHG � \�LNJ ��i>�zG ��^_\j`X`[T���\jp�`�ACWSQ�^�� � \oLhJ�� ��� ��� � \�W ��W �
	 ��n�BPMOQ�L `�ACWSQ�^ BHG �
\ `�`�tI^ �XJ�J
�Xn�\	��G � T]Q�BHG � `CM|` i ��M�YoGIB8`�MHJ
�[`XGIQ�qz`[BHG ���~`�M�Y&Lh\�gN^	�X\j`�tIW �XJ�q8MHBHG BHGIM|`[B ��n GILhM���t ��	�q8MHBHG�\
W �
	 �Xn�BPMHQ�L ACWSQ�^�
 � � #�� � J
�Xn�\ ��`[\�B ��i ��� � � 	8i �
MHn�BPt&W ��` ���Fn�Q�t&WXB ��`�g �FQSA �
i�� ��M|`���W�i

UP]dZ\mPUP^|Wdmgf{MqKTZ\^aOV`|S$YV¨�M�`|UuUPfcU$tuS4K§Mq`_`kUPZThkS4K�ZTKRMXOjQkY � ^_Z\hcMHY[b�Mq`_`,ZTKNMPORQ#`|S4WdmXZTh"^aY�e#UXWdS�ZTUnOjhkS$OjQ
� hdS4ZThkS4K�ZThdS4o"b�MqZRORh"ZTUnZThdS�h.MXe#KTUXWd^aO=tuS4KTZ\S4�g^|W2¢D�\£·MqW.e�¥dv�³{K\UPb�Z\hdS4^_K�Ylb�Mq`|`#Z\KRMPORQ,`_S4WdmXZTh
�D� ZTKNMPORQdY�UqrBhd^_mXhdS4K�S4WdS4K\mP^_S YªM$KTSH^ae,S$Mq` O4MqW.e,^aedM$ZTS$Y�rsUPK=^_W{OVUPbc^|WdmHZTKNMPORQdY�Uqr�ZThkS$Y[SJh{MPe#K\UPWd^pO
^_W,ZTS4KNMPOVZ\^_UPW{YVv , `|UPZzUqr �D� Z\KRMXOjQkY­b�MqZRORh�ZTU¡h{MPe#K\UPWd^pO2tuS4KTZ\^aOVS$YnMqW.e�^_W·ZThdS Y[hdUXKTZ��D2,�
fdKTU,e#]{OVZT^|UPW·Y[S$O�ZT^_UXW½} ¿ v � �HZ\hdS$Y[S�b�MqZNOjhdS Y�M$KTS�^ae,S4W#Z\^ �.S e©v��DhdS�^ae#S4W,ZT^ � O4M$ZT^_UXW�U$rJh{MPe#K\UPWd^pO
tuS4KTZ\^aOVS$Y�Mq`|`_U � YHMcbcUPK\S"OVUXbcfd`_SFZTSgSFWdS4KTmXo�KTS$O�UPW.YlZTKT]{OVZT^|UPWAv�,�WdUPZ\hdS4KnY[UX]dKROVSzUqr ^_W.O�UPbcfd`|S4ZTS
ZTKRMXOjQkY�MqKTS�ZThkS=Y[UnO4M$`_`|S$e�Q,^_WdQuS e�ZTKNMPORQdY�v � WdS�ORh.MqK\mPS$egZ\KRMXOjQH`_U�Y[S$Y�S4WdS4K\mPo"e,]dS=ZTUH^_W,ZTSFKRMPO�ZT^_UXW
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ZTh.M$W2ºXºJOVb }~Suv�mdv�� � � W�������� # ����� # � 4 � »���� � � ��� ���Nv��AUgKTS OVUPW.YlZTK\].OVZ�e#S O4M4odY0rsKTUXb
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wW
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MqW.e?hkS4W.OVS�ZThdS�bc^pYTY[^|WdmHbcUPb�S4W#Z\]db�U$r�ZThdSJWkS4]dZTKNMq`.f.M$KTZT^pOV`_SDrsUXK=M"e#S O4M4ogh,o#f.UPZ\hdS$Yl^aYVv�
wW?�{mdv
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MgWd^aOVS#� # � �8
�Yl^_mXW.Mq`�O4M$W ! S(MPORhd^_SFtuS$ey}a�.mdv ¾ v ? �R¨.YlS4S ) ¾ ? + rsUPK=rs]dK\ZThdS4K=^|W#rsUPK\b�MqZ\^_UXWAv
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`|UuY\Y����g»�� � �  � ^_WzZThkS=tuS4KTZ\S4�"e#SFZTS$OVZ\UPKFv#��UPKTb�Mq`_`|oHZThdS���S4KTZ\S4� �xS4ZTS OVZTUXKª^pY0].YlS$e(rsUXK�Y[f.M$ZT^aM$`
b�S$MPYl]dKTS4b�S4W#ZNYgUPWd`|ou¨��d]dZ�ZThkS�e#S4f.UuYl^_ZTS e�Y[^_mXW.Mq`H^|W ZThkS¡Yl^_`_^pOVUPW·ZTKNMPORQuS4KcM$`aYlU�mX^_tuS$YzY[^|mPW.M$`
hkS4^_mXh#Z�^_W#rsUXKTb�M$ZT^_UXWAv��DhkSgORh.M$KRMPO�ZTS4K\^aY[Z\^aO�OVUuS�*�OV^_SFW#Z�rsUPK�Mgf{MqKTZ\^aOV`|SJf.MXYTY[^|Wdm"ZThkKTUP]kmPh2b�MqZTZ\S4K
^pY��

¸y¹  ��� �lµ � } ¾ v_º4«u�

� hkS4KTS  ^pY­Z\hdS�bcS$MqW S4WdS4K\mPo¡`|UuYTYzMqW{e � � �lµ YlZRM$W.edYgrsUPKzZThdS�b�M$�#^|b�Mq`�f.U�YTY[^��d`_SIS4WdS4K\mPo
Z\KRM$W.Y�rsS4K(}~^wv�Suv�ZThdSnZTUPZNMq`�f.UuYTYl^��d`|Sze#S4f.UuYl^_Z�Uqr�ZThkS�f{MqKTZ\^aOV`|S��¬YDSFWdS4KTmXo�$ Y[SFS ) ¿ ? + rsUXKxrs]dKTZ\hdS4K�e#S��
ZNMq^|`aYj�Nv�³dUPK�ZThkS=O4MXY[S�¸ �½º4«xZ\hdSDb�MqZTSFKT^aM$`u^aY�O4Mq`|`_S$eHMxZ\hd^_W(M��.YlUPK��*SFK-$PrsUPK�¸ � ºDZ\hdSD^|UPWd^��$MqZ\^_UXW
Yl^_mXW.Mq` e#^aYlZTKT^��d]dZ\^_UPW ^aYHY[Z\^_`_`�OV`|UuYlS?Z\U�M �iM$].YTYl^aMqW·e#^pY[Z\KT^��k]dZT^|UPWAv�, � M$W.edM$] e,^aY[Z\KT^��d]dZT^|UPW�Uqr
Z\hdSzY[^|mPW.M$`�^aYxS4�,f.S$OVZ\S$eyZNMqQuS4W ¸ � «cUPK ��� �lµ � �½¨ MqW.M$`_UPmXUP].YHZTUIM?WdSFmP`_^|mP^��d`_S(e#S$OVK\S$MPYlS
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σ2=14 MeV
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