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{g, ] 8LH ] 8A\A8LH�W!S-J-8AB G HOI�J 8LH�JG8LJ�8;:?4@8AC�H�(58LJXBD8L6�6V\LE ] 8L.DBTH�(�(58LJ-*G8LJ���,PC!,/(58ABD8AC�E-J�**B2D)*-H�8`�)JG\L,/S-6*-8AC�,P0XBTH�l/8LJ>xgE-,PCT0?.D2/CTBD8LJRQ�dH.[�E-CWE ¡"S G ¡ H2I�J a/8LSXB�;?=�a/8Aa/8LJcE-JG8LJ�*-6�H�W�SkE-J�*o.D4��,PBD8L.DBD8LJ-.~S-H98ACl/8AC�.T,Pa/B[*G8AC�.TB��2/C!E-JGa3.DBTS-8A2/CT8ABTH�.TW�SG8��)J-.T,PBD\/^7*-8AC \LE�eg698LH}W!S<E-JGaIrPd pPO5���E-SGCTBD8/d.[�E-CBE ¡TS U a3H�69B�*-,Pa/8Aa/8LJV;>= S O?d�{gH98L.D8L.aG 8AC!S-,/69BD8LJc�uH9C�* ,/6�.�,/.
~<(z4-BD2/BTH�.TW�SG8H.GC!8LH�SG8LH9B] 8A\A8LH�W�S-JG8AB�E�J-*�CT8LW�SVBD��8ACTBTH9a/B�J-,/W!SXBDC �,Pa36�H}W!S�*�,/.�xg�`b ^�J-,/W!S~*G8L( *-H�8���,PCTBD23JG8LJ 3 ] 8LHVSG23SG8LJaE ¡ 6 ,/6�.,<E-,/.TH���C!8LH98aV�8LH�6�W�SG8LJ|(zH�B[*G8L(§��698A0<BDCT23J|��8LW�S-.D8L69�uH�CT0/8LJ_du�)EG��a/C!E-J-*I*-8AC)�u8L6�,PBTH923JXWRY 8 r E[Z E ¡8LJXBT.D4-C�H�W!SXB�*-,/. G 8AC!S-,/6�BD8LJ����E-C`a/C!2/v/8��o8ACTBD8�l/23J E ¡ *G8L( G 8AC!S-,/6�BD8LJ ] 8LH70?698LH�J-8LJy� ] .DB��,/J�*G8LJ�*G8AC�o8LW�S-.D8L69�[H9CT0?E-JGaGd
\ $'5-�-�����^]���_7 *��./���a`cbd./�ebgfihkj \ml fd_/��.7021n "��op�6�
{gH98���,PCTBD23J-*�H�W!SXBD8LJ < 354 C E ¡ 6 .D8L6 ] .DB`0��23J-J-8LJ�J-H�W!SXB E-J-(zH�BDBD8L6 ] ,PC�,/E�.f8AC!.DBD8LJ��¦C�H�JG\LH94�H�8LJ�*G8ACux"Mf{, ] a/8L698LH9BD8AB���8AC�*G8LJ_d {g,o, ] 8AC��`8Aa/8LJ *G8ACz,/.
~?(54-BD2/BTH}.TW!SG8LJh.GC!8LH�SG8LH9B�*-H98FX�2/4-4�6}E-JGaq;?= 3 E ¡ 6 ] 8LHa/C��2/v/8ACT8LJIE ¡ 0?698LH�Jy�uH9C!* ^V0P,/J-J�*-H98�=<B��2/C!E-J-a3.DBTSG8A2/C!H98g,/JGa/8A�f,/J-*GB �`8AC!*G8LJ_^GE-( G 2/C!S-8AC!.T,Pa/8LJ �E ] 8AC*�H98 ��[J-*-8AC!E-JGa/8LJ�*G8ACNG 8ACTBD8LH�6�E-J-a3.D��E�JG0XBTH�23JG8LJ <

;
354�C E ¡ 6 \LEIS �23SG8ACT8LJIE ¡ \LE�BDCT8:9�8LJ_d{)H�8)��JVBj�uH�WT0?6�E-J-a~*G8ACuxgE-,PC!0Vh�E-J-*ye�6�EG23J-*-H}W!SXBD8[\LE1S��23SG8AC!8LJFE ¡ H�.DBfH�J�*G8ACf4@x"Mf{�*�EGC!W!Sy*-H98{�eg���[�6rth�eg698LH�W�SXE�JGa5a/8Aa/8 ] 8LJ>n O3O��%OVp�s21s < 354�C8t
6s t 8 ;>= 3ut
60A@ v ¤w *yxx{z < 3 x C8t-6}|>~�~�� 4 x<� ��� 3 x C8t-6}|>~}��� 4 x<�'� 3 rPd p?r 6s � 354 C8t-6s t 8 ;>= 3ut
60A@ v ¤w *yxx{z < 3 x C8t-6}|2��~�� 4 x<� ��� 3 x C8t
6}|>�/��� 4 x<��� 3 rPd p�0 6

{g, ] 8LH H�.DB t 8 6�J 3 E ¡ ECG ¡ HOI�J 6 d�{)H�8WG 8AC!\A��8LH9a3E�JGa3.D� E-JG0<BTH923JG8LJ |?�7��� w�y� a/8 ] 8LJo*�H98�� ,/SGC!.TW�SG8LH�J?h6}H�W!SG0/8LH�B ���E-C�*-H98���JXBT.DBD8LSXE�JGau8LH�J-8L.�JG8LEG8LJ���,PCTBD23J-.?��(zH9B���(547E-6�.T,/JXBD8LH�6 4 ,/E-.�8LH�JG8L( �)E-.Da3,/J-a3.D4�,PCDhBD23J���(zH9B)��(z4�E-6�.T,/JXBD8LH�62x 3 xX� 4[6 ,/J ^_� �,/SGCT8LJ-* *-H�8�=<0P,/6�,yl/23JzE ¡ J-,/W!SzE ¡ ��*�6�JNE ¡ lP,PC!H�H98ACTBAd� ]-] H}6�*-E-JGa5rPd p�l/8AC!,/J-.TW�S-,/E-6�H}W!SXB`*-H�8ul?H98AC�l/8AC�.TW!S-H�8L*G8LJG8LJ�e)C!E-J-*-4-CT2/\A8L.T.D8/^<*-H98[\LE���,PCTBD23JG8LJXB��[H�WT0Xh6}E-JGa/8LJ1���E-SGCT8LJ_d¦R38L*G8L( {gH�,Pa/C!,/(z( H�.DB 8LH�JG8^G 8AC!\A��8LH9a3E�JGa3.D� E-JG0<BTH923J |>��� \LEGa/8A2/C!*�JG8ABAd���2���a�6�	���}� �¢¡£�¢¤}¥�¦§�¨�©¤'���C¤��«ª[¬[­®��¯«¯«�'°m±²´³¶µ ±�·F�«¯�¤�¸�¹»º!�A�«��¥7º��¼¤}�«�}½�¾�¥��T¿?¥7�}¥7�¨½�¾ÀªF¡£��¯«�«¥7·F¥��	Á ¥��6Â<�}ÃÄ¥7��¤���«�	Á*Á���¥��^Å)¬ Æ�¬ Ç£¬ È�����Á�É¼¸Ê7Ë ¡F� ��¾��Ì¤}Í7¥���¬	Î��}��ÃÄ¡¼ª[¬�ÏR�«Ð	�¼¤}¡¼ª[¬�Â<¯�¤}���}¥7¯«¯«�y���	Á�Ñ����}�«���
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bd./�e_/����o�.��� �#À.7��$�_/�%$��-5O '&��  �5)(F "�'&���./���+*-,,.��/. �cb0 ] �`23S-6�*-H98�e�6�EG23JG8LJ ] 8LH�=<BDC!8LEG4-CT2/\A8L.T.T8LJk(zH�B[� 8A4�BD23JG8LJ J-H�W!SXB ] 8ABD8LH}6�H9a/B[.!H�J-*_^ ] 8A8LH}J�1�E-.T.T8LJI.TH98*-2<W�S�H�J�*-H9CT8A0<B *-H98�8L698A0<BDCT23(z,Pa3J-8ABTH�.TW!S-8)�o8LW�S-.D8L69�[H9CT0?E-JGa�\A�uH}.TW!SG8LJ���698A0<BDCT23J ] \A��d ��23.TH9BDCT23J�E-J-*��CT2/BD23J_d���(ZJ-,/H9l/8LJ5xg��b H�.TB�8L.����EGC�6923JGa3H9BTE�*-H�J-,/6�4�236�,PC!H�.!H98ACTBD8¦��S-2/BD23JG8LJ~J�H�W!SXB�(|�2/a36}H�W!S_^PY[8L6�H9\LH9B��,PB2 E-J-* {)CT8LS-H�(z4�E-6�.43�,/(�S�,/*GCT23J-H�.!W!SG8LJIG 8ACTBD8;:oa3698LH�W�SG\A8LH9BTH9a1\LE 8AC!S-,/6�BD8LJ_d~{g,/SG8AC�8AC�6�,/E ] Bg*-,/.x���b J<EGC��o8LW�S-.D8L69�uH�CT0<E�JGa/8LJo(zH9BgBDC!,/J-.Tl/8AC!,/6 4�236�,PC!H�.!H98ACTBD8LJ���SG2/BD23JG8LJ 3 .TH98LSG85� ]-] d¦rPd OI6�H�J-0<. 6 d�¥Jm�)JV�`8L.D8LJ-S-8LH9Bz8LH�JG8L.yeg6�EG23J-.�.DBD8L6�69Bz*-H�8�a3698LH�W!S-\A8LH9BTH9a
��C!S-,/69BTE-J-a�l/23JUY[8L6�H9\LH9B��,PBzE-J�*m{)CT8LS-H�(�h47E-6�.)0/8LH�JG8�=?W�SV�uH�8AC!H9a/0/8LH9B�*-,PC 3 .!H98LSG8z� ]-] d rPd OICT8LW�SVBT. 6 dz{gH98L.����E-S-CTB)H}( �u,/S-(58LJ
*G8AC~x"Mf{ \LEGCG 8AC�698ABD\LE-JGa *G8AC Mf,/6�6�,/J?hSMfCT23.T.¥hUT`8A\LH98LS<E-JGa 3 eg698LH�W�SXE-J-acrPd=0�R 6 ^¦�f,/.�8LH�JG81J-H�W�SVB~l/8AC!.TW!SX�uH�J�*G8LJ-*G8LJ6�23JGa3H9BTE-*-H}J-,/698LJ�=<BDC!EG0<BTEGCT� E-JG0<BTH923J�\LEGCN.G2369a/8~S-,PB~n O�OG^UOVM�s21
� Z 354�C E ¡ 6/8 ;?=O�@ 4 ¡ v ¤w *�55 �76 rLQp � ¡�3 5 C E ¡ 6 � R : ; � ¡~98 3 r�£ 4 5 6;: 5A� 3 5 C E ¡ 6=< 3 rPd p/p 6

�`2 ] 8LH?� 354 C E ¡ 6 *-H98�eg6�E-23J-*-H�W�SVBD8Al/8ACTBD8LH}6�E-JGa ] 8A\A8LH�W!S-J-8ABAd T`8LH�0?698LH�JG8L( 4 *G23(zH�J-H�8ACTB[*G8AC�eg6�EG23J?hV�8AC!( E-J-* 8LH�J-8kbI8L.!.TE-JGa l/23Jo� Z 0_�23J-JXBD8k.D23(�H9Bz\LEGCy� :?BDC!,P0XBTH�23J�*G8AC�eg6�EG23Jw{)H}W!SXBD8|a/8LJ<EGBD\AB�`8AC!*G8LJ>n OVQ<^UO ?�s�d
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. �E-C[(z,/.T.!H9l/8�V�8LH�6�W!S-8LJ|H�.DB�*�H98�Y[8L6�H9\LH9B �,PB�0/8LH}JG8�8;:G,P0XBD8��¦C!S�,/69BTE-JGa3.Da/C �2/v/8/^-�`,/.[\LEI8LH}JG8L( T`8LHihBDC�,Paz\LE�� Z ,/EG��a/C!E-J�*�*G8AC[xgE-,PCT0Xhjbk,/.T.D8LJ 3	� BT,PCTa/8AB[(�,/.T.�
/^>Vub 6 ���E-SGCTB�n OVM<^UO*R�s21

�
���Z 354 C E ¡ 6/8 O�� ¡�E ¡ 4 � v ¤w *�55 ¡ � ¡�3 5 C E ¡ 6 £ 0�� ¡�E ¡ 4 ¡ � ¡�354�C E ¡ 6 3 rPd p�O 6
T`8LH S-23SG8L( E ¡ H}.DB *-H98L.D8ACNT`8LH9BDC�,Pa �¥8L*-2<W�S�l/8AC!J-,/W�S-6��,/.T.TH�a ] ,PCLdX�2/4-4�8L69B�*�,/.`��SG2/BD23J�J-H�W�SVBf,/J18LH�J�8LH�JG\A8L6�J-8L. x�E-,PCT0z.D23J-*-8AC!J1,/J�8LH}JAX�23JGa36923(58AC!,PB`l/23J���,PCDhBD23J-8LJ_^/H�.DB�8L.�8 ] 8LJG� ,/6�6�.�(|�2/a36�H�W�S_^/H�J��o8LW�S-.D8L69�[H9CT0?E-JGa/8LJ�(zH9B�6�23JGa3H9BTE-*-H}J-,/6/4�236�,PC!H�.!H98ACTBD8LJ���SG2/BD23JG8LJY[8L6�H9\LH�B��,PB�E-J-*~{)CT8LS-H�(547E-6�._a3698LH}W!SG\A8LH9BTH�au\LE~8AC!S-,/69BD8LJ_d�{gH98L.D8AC T`8LH9BDC!,Pa)\LE�� Z ^ � S-H9a3SG8AC�B��uH}.DB�
 3 Y�V 6a/8LJ�,/J-JVBA^ J-H}(z(�B~(zH9B�\LE�JG8LS-(58LJ-*-8LJ �[E�1 �23.TE-JGa3.Tl/8AC!( �2/a/8LJc*G8L.~,/E�.Da/8ABT,/E-.TW�SVBD8LJ ��SG2/BD23J-.A^�*_d S_d] 8LH_SG23S-8LJ1��(547E-6�./�E ] 8ACTBDC��,Pa/8LJy, ] n OVM<^UO*R�s21

�����Z 354�C E ¡ 6Q8 R�� ¡E ¡ � ¡�354�C E ¡ 6 3 rPd p/M 6
(�H9B � J OLK O3p3eg8�G~¡zn O*R�s�d
b`c�� �kj rNes| j esr�� esis| j�{�t`ihlBi esi�� � gAr�jmt`i��s{���pkj l i
TfH�.!SG8AC �uEGC!*-8�*G8ACNT`8LH9BDC!,Pa�*-8ACu.TW!SX�f,/W!SG8LJ��o8LW!S�.D8L69�uH9C!0<E-J-a�l/8AC�J-,/W!S-6j�,/.T.TH9a/BA^7�`,/.ua/8ACT8LW!SXBD��8AC!BTH9a/BH}.DBA^<.T236�,/JGa/8�*G8ACf��(z4�E-6�./�E ] 8AC!BDC!,PaWE ¡ 0<6�8LH�J�H}.DB�a/8Aa/8LJ|*-,/. b|,/.T.T8LJ',XE�,/*GC!,PB *G8L.! #"ThUT`23.D23J�. 3 .TH98LSG8� ]-] d rPd�r 6 df{gH98�8L698A0<BDCT23.TW�SV�f,/W!S-8LJ VuSG8A2/C!H98 3 � 8L698LW;BDCT2��`8L,P0$
3^7�¦� 6 n O*]<^¥MPO�s ] 8AC �E�WT0?.TH�W!SXBTH9a/Bu,/E�W!S*�H98�T`8LH9BDC��,Pa/85*G8L.% " h��)E-.DBT,/E�.TW!S-.Ld[{)8AC[�KH9CT0?E-JGa3.�,XEG8AC�.TW!S-J�H9BDB ���E-C)*G8LJk�¦CT2/\A8AvI�'&)( S �'&�* �t�EGCE�JG4�236�,PC!H�.TH�8ACTBD8HV�8LH�6�W�SG8LJ��uH9C!* *�EGC!W!S *�H981a/8LJG8AC!,/6�H�.!H98ACTBD8LJ�=<BDC!E-0XBTEGC!��E-J-0XBTH923J-8LJ,+� ¡ ^-+� � E-J-* +�/.,/E�.Da/8L*GC3�E-W!0XB�nqM?rts21

* ¡10 &2 I* 4 *�E ¡ 8 0A@O; ¡
4 E Q4365�7 +� ¡98 5�: 4 +� � £Xx ¡ +�/.<; 3 rPd p/Q 6

�`2 ] 8LH�; *-H98F.G8LH�J-.TBDC!EG0<BTEGCT0/23J-.DBT,/JXBD8�H�.DB�;>=4; 3 E ¡ 8 O 6 d
{gH98A.�,P0XBD2/CT8LJ 5 & 8 r@? 3 r�£¶x 6 ¡8LJXBTS-,/69BD8LJ|*-H98�Y[8L6�H9\LH9B��,PBT.T, ] S��,/JGa3H9a/0/8LH9B�*-8AC��UH�CT0<E�JGa3.-,<EG8AC!.TW�S-J-H9BDBT.Ad.-,/.DB[H}( a/8L.T,/(~BD8LJ_^ ] 8LH Y)���[� \LEGa��,/J-a36�H�W!S-8LJ�0<H}JG8L(z,PBTH�.TW�SG8LJ!T`8ACT8LH�W�S|H�.TB�*G8ACu*G23(zH}J-H98ACT8LJ-*-8T`8LH9BDC�,Pay\LE�( �KH9CT0?E-JGa3.�,XEG8AC�.TW!S-J�H9BDBu,/EG��*�H98~8L6�8A0XBDCT23(�,Pa3JG8ABTH�.TW�SG8�=<BDC!EG0<BTEGCT� E-JG0<BTH923J�� ¡ \LEGC3�E-W!0Vh\LE-���E-S-CT8LJ_df{[8AC 4 �3�thUV�8AC!( �uH9C!*I*�EGC!W!Sk*G8LJI\LE�.��,PBD\L6�H�W�SG8LJA #"!h��)E-.DBT,/E-.TW�S|8AC!\A8LEGa/B)E�J-*�BDC��,Pa/B�(zH9B4�23.TH�BTH9l/8L( 3 JG8Aa3,PBTH9l/8L( 6 G 2/CT\A8LH}W!SG8LJ~\LE-(��KH9CT0?E-JGa3.�,XEG8AC�.TW!S-J�H9BDB@*-8AC���6�8A0XBDCT23J 3 ��23.!H9BDCT23J 6 h���CT2/BD23J?h=?BDCT8LE-E-JGa ] 8LH d¦�o8Aa/8LJ *G8L.uG 2/CT\A8LH�W!S-8LJV�`8LW!S-.T8L6�.g.TH�J-*��)E-.D�uH�CT0<E�JGa/8LJ1*G8AC)=<BDC!E-0XBTEGC!��E-J-0XBTH923J 4 �3�H}( G 8ACTa3698LH�W�Sk*G8AC[��698A0<BDCT23J?h�E-J�*I��23.TH9BDCT23J?h���CT2/BD23J?h��KH9CT0?E-JGa3.-,<EG8AC!.!W!S-J-H�BDBD8g*�H9CT8A0<B ] 8A2 ] ,/W!SXB ] ,PCLd{)8ACNT`8LH9BDC�,Pa�*G8ACu6�23JGa3H9BTE-*-H}J-,/698LJy=?BDC!EG0<BTEGCT� E-JG0<BTH923J?�B.�H}.DB�JXE-C ] 8LH_S-23SG8L( x1.TH9a3J-H D�0�,/JXBAd{gH98~=?BDC!EG0<BTEGCT� E-JG0<BTH923JG8LJ +� ¡ E-J�* 4 +�
��.D8ABD\A8LJk.!H�W!S1�uH�8���2369a/Bu\LE-.T,/(z(58LJ nqM?rts21
+� ¡ = � ¡ £DCFE �)G E ¡3 E ¡ � � ¡H 6 �
I H¡ � 3 C ¡E �m� ¡E 6 � �JG E ¡E ¡ � � ¡H � ¡ � H¡ 3 rPd p�? 6

4 +�3�K= £ � E � G E ¡3 E ¡ � � ¡H 6 4 � I H� � 3 0LC E � E 6 � � G E ¡E ¡ � � ¡H � ¡ 4 � H� C 3 rPd p�R 6
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�`2 ] 8LH � H *-H981b|,/.T.T81*-8L.  #" ] 8A\A8LH�W�S-JG8ABAd � G 8 r E 3 O¦.TH�J ¡�� G W;23. ¡ � G 6 H�.TB�8LH�JG8A.-E-JG0<BTH923Jc*G8L.�o8LH}J ] 8ACTaPh��KH�JG0/8L6�. � G ^ C E E-J-*�� E .TH�J-*z*�H98uG 8A0<BD2/CDh�E�J-*z�u:?H�,/69h2G 8A0XBD2/CDhUX�2/4-4�6�E-J-a�*G8L.`��698A0<BDCT23J-.,/J�.@ ���d�.[�E-C�*-H98"X�2/4-476�E-JGa3.D0/23J�.DBT,/JVBD8LJ1a3H}69B�1� E 8 � ��� E 8 £ r0 3 rPd p�] 6

C E 8 � ��� E £z0/� E .!H�J ¡ �	� 8 £ r0 �s0�.TH�J ¡ �
� 3 rPd O3O 6
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Date  13/10/1998 Monte-Carlo-Ereignis:         Generator: DJANGO    Daten Ereignis:  Run 224708  Event 38589

E´= 27.8 GeV;      = 140.0°θ

Q² = 357 GeV² ;   x = 0.111 ;  y= 0.032

E´= 27.9 GeV;      = 140.3°θ

Q² = 351 GeV² ;   x = 0.115 ;  y= 0.030
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G0EFE U EFL IJBH[*OCEdOCEFBig KDU [DBHSW_dEFIJEFBC�FE UWU E K M0Z�JDEbZ Kcv I6jUg EYN;N��FEYSPE�G;N;EYN;O Z MMCB O K G�o\EYS v E�q K M;G\E�G;EYN SWGJI O;SXE
U SWNCE K B0EHd DOG MK N0JTSLJDLDEYSWI�OCEYG�q K M�G\E�GCEYN�G���kD[TN^OCEFB4g K � K �YSXIXMK I]OCEFB�g KDU [DBHS _dEFIJEFBE�FE UWU E����4�

�����H������� ���fjN���
o\[KDhEYS O;SXEi} K B K _dEFIJEFB]� M;N;O2� JDEbJDEbDhEYN�G0SWN�O2O�MCB�E�G

�U� �$�#�
�c� ��  M�N;O2�.� �$�#�

�c�¢¡ ���fj¤£,�
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��GJIJE_G I^Z MMCBgO;SWE! \[ U I��Y_ K N;NCLD[TN�GJI K N IJE{u�� Z MMCB]O;SXEws�EY_S�hEFB K I0MCB!u��   Z MMCBgO;SWEwg K � K �YSXI MK I��6o SWG\EHGCEYN
 K G0S G�M;N;O��e_�SXIJIJEFB OCEYG 8�`H�\sHu �c� Z MMCB�O;SWEAQ*IJEYS U GCEYSWI\OCEYG�s
B K N�G0SWGJIJ[DBHG)j

Q K O�SXE]g K � K �YSXIXMK I4��� O;MCB�EHG O;SXE#"]EF[T_dEFIJBHSXE O;EFB�g KDU [DBHSW_�EFIJEFBE�FE UWU E)Z%EYG0I�JDE U EbJDI SWGJI6u-L K N;N2EYSWNCE
q EYO;M��YSXEFBfM;N0J�OCEYG]q K M;G�E�GCEYN;GYU �6���8|(N M;BgEFB0BHEYSPE�G I�o\EFBHOCEYN�uhSWN;O;EY_Z_ K N�EYN I oeEYOCEFB O�SXEO� U EFL IJB0[TN�SXL
DhEYS L*BE
D[KJDEYNCEYN s�EY_S�hEFB K I0MCB0EYN DhEFIJB0EYSPD;I [*O;EFB7EYSWNCEYN�8�`H�\s _�SXI JDB,M[ v EFB0EFB�Q*IJEYS U GCEYSXIHo�MK G U I6j1` MMCB
O�SXE&� U EFL*IJB0[TN;SWL O;EYG C�dgB ( o MCBHOCE�O;EFBO�6o\EYSXIJE �PEbJ kD[DB\JDEYG\EHG UWK JDEYN U �6��£@|�M;N;O SWN EYSWNCEFBwn [DBfGJEFBHSXE
EFB��;B0[KD;I�U �6��$ uG�6�c�c|Bj�� MK G;B0EYN;O�OCEYG�QFG*MCI0OC[!ogN;G:�)y{y�%'&cy'(�o MCBHOCEYN G\EHG U SXE vTU S5E�G KDUWU Epg K N MKDU E KDUWU EFB
s�BHSLJKJDEFBC�FE UWU EYN _�SXI NCEYMCEYN n [DB<kDEFBHGJI MK B0LDEFBHN K M;G�JDEFB MM�GJIJEFI6u Z KDUWU GcO;SXEd_�SWIJI U EFB0EUg K � K �YSXI MK IAOCEFBig KDU [cb
BfSW_dEFIJEFBE�FE UWU EYN�ubO�SXE S N6OCEFBHs�BHSLJKJDEFBE�FE U U E%�YM�G K _�_dEYN0JDEbZ Kcv IHo\EFBHOCEYN�u JDB M[ v EFB KDU G��2NS` SWGJI�)�jwd D�D�S U b
O�M;N0JQ�fjz�&�FEYSLJDI]O K G E U EFL*IJB0[TN;SWG�E�GCEiq K M;G\E�G;EYN kD[DBgM;N�O N K E�G^O;EFB!=g_�BKMM;GJI0M;N�J�O;EFB�n [DBZkDEFBHGJIXMK BHLDEFB�b
E U EFL IJB0[TN�SXL KDU G `;M;NCL*I0SX[TN OCEFB�s
BfSLJKJDEFBE�FE UWU L K � K �YSXI MK I\�+*�,xj�Q K DbEYS o SWBHO MM0DhEFB s
BfSLJKJDEFBE�FE UWU EYN�J U EYSPEHGCEFB
g K � K �YSXI MK IVJDEY_�SXIJIJE U I6j+� GALD[TN;N IJE EYSWNCE1q K M;G\EHGCB0EYO;MCL*I0SX[TN M;_ D�SWG(�YM EYSWNCEY_�` K L*IJ[DB>�cj.-9�kU �6�,�@|
EFBC�YSXE U I.o\EFBHOCEYN�j

d U G�oeEYSXIJEFBHE�/cMCE UWU E E U EFL IJB0[TN�SWG\E�G;EYNHq K M;G\EHGCEYN;G�o MCBHOCE EYSWN G0EFBHSXE UWU EFB�£c�10 � S OCEFBHGJI K N;OcEFBHL K N;N I6u
O;EFBgOCEY_ZEFBHGJIJEYN2n [DB<kDEFBHGJI MK B0LDEFB�kD[DB\JDEYG\EHG KDU IJEFI SWGJI6u#M;_ZO;SWEYGJEYN kD[DB�r [FE�G;G\� K N;N*M;N0JTG MM0DhEFBHG�E�G U MK JDEYN
S N�O;EFB�g KDU [DBHSW_dEFIJEFBC�FE UWU E��YMPG\E�G MM;I��FEYN�j��eGcLD[TN;N IJESJDE��FEYSLJDIio\EFBHOCEYN�u,O Kcv DhEFB0EYSXI0GcO;SWE
G;[UEHGC[NG;_�S b
JDE2 \EYG\E�G�SPE�G I0M;N0J OCEFBQr [FE�G;G\� K N;N*M;N0JTGJE U EFL*IJB0[-OCEYN M�N;O O;SWE � K G0GHSlkDE h _S�hEYO K N��RO;EFBdQ-SPJTN KDU L K DbE U
O�SXE d]M;G U EYGJEFE U EFL*IJB0[TN;SXL K M�GJB0EYSPEHGCEYN;O�G\E�G MMCI��FEYN�u M;_ EYSWN;E� \EYG\EHG MK O;SLJTM;N�J OCEFB6� U EFL*IJB0[TN;SXLO�YMQkDEFB�G;SWN~b
O;EFBHN�j�� MK GCB0EYN�OdOCEYG:� SWN IJEFBHG\G*MCI0OC[@o N;G �)y{y�%'&cy'(HogMCBHOCEYN O;SXE�QFE�G*MCI��6o S OCEFBHGJI MK N;O;E\O;M;B�E�G L U EYSWNCEFB0E
� SWOCEFBfGJI MK N;OCE�EFBHGJEFI��FI D��6oij MM0DhEFB\D;B MMOE0L*I6j�d D�D�S U O�M;N0J �fj ���FEYSLJDI7O;SXER`hM;[DBHO;N*M;N0J OCEFB _d[-O;Sl���YSXEFBZb
IJEYN+� U EFL*IJB0[TN;SXL��YMPOCEYN�g KDU [DBHSW_dEFIJEFBC�FE UWU EYN�jHh N;G�JDEYG K _AI�o MCBHO;EYN6EFI o K �)£c�{�{��g KDU [DBHSW_�EFIJEFBE�FE UWU EYN
S _ E U EFL IJBH[T_ K JTNCEFI0SWG\EHGCEYN2s�EYS U OCEYG C+d B�( _�SXI�NCEYMCEYNpn [DB<kDEFBHGJI MK B0LDEFBHN � � NCE6o �;B0E K _S� U Sl�;EFB���� K M;GGb
JDEFB MM;GJIJEFI6jaQcSXE2QFEHG M;I��6o SWOCEFBHG0I MK N;OCE KDUWU EFB7O;SXEYGJEFB�g K N MKDU E1o MCBHOCEYN MM�DbEFB�D;B MM�EHL I6jp` MMCB EFIeo K ���c�{�{�
`hE UWU EYN2SWN OCEYN g KDU [DBHS _dEFIJEFBH_d[-O;M U EYN (3 4$ ��uS`5 �����uS`5 ��6rwu�`6 .£ � M;N;Op`5 �£cr?_�SWI g K � K �YSXIXMK IJEYN

 � NS` o MCBfOCEYN�O;SXEgQFEHG MCI��6ogSWOCEFBHGJI MK N�OCE EbDhEYN0Z KDU U G MM0DhEFB\D;B MMOE0L*I.� � D;BHSWO�JDEYO�B0EYG0SWGJIJ[DBfG���� j�haNROCEYNdEFIGb

7 !�# % # � . #I. ��+.- � , � � �+��� ��� ( ��,�#I& � . �.A � &)& $ #���# � ( � �# � ( ��� � $ ���,/, ��� � � (�$W& � (), ����� , B #���# � ( � �# ��� , ,W. ��� (), �
����� (L, � ��. #I. ��+.- ��� %[.�$ � ( ��, ���
� ( � & � 5 ��� % � ,��[./,�% % ��� ����+.- ,!( ��+.- � � .[*&5 #I,�% ( ��� ,/( +.- ��� �����,+.- � * ����� ( � � /
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o K �c�{��dgM;G U EYGJEFL K N MKDU EYN
OCEFB G K OCB0[TN;SWG�E�GCEYN  \EFB0EYSPEHGCE6O;EYG (3 EFBHGJEFI��FEYN £ 0 � SWOCEFBHG0I MK N;OCE^O;SXE
£c� 0 � SWOCEFBfGJIXMK N;OCE ���YB0Eb� U K E EYO B0EYG0S GJIJ[DBHG���� jM`)MMCB O;SXE�g K N MKDU E SW_ n [DBZoVMK B0I0G�DhEFB0EYSPEHG�OCEYG g K b
U [DBHSW_dEFIJEFBHG�G0SWN�O.�YMCB+=]N IJEFBfOCB MM�EHL*M;N�J OCEYG;=]N IJEFB�JDBHM;N;O;G K M;G Q*IJB K G U b�" K GGb M;N;O Q*IJB K G U bB� K N;O~b
�PE_EHG;GJE U ogSXB0L-M;N0JDEYN[GC[NGCE s�BHSLJKJDEFBHG\EHG$o\E UWU EYN�EYS N0JDEYGJIJE UWU I6j#QcSXE q�EYO;M��YSWEFBHM;N0J OCEYG�E U EFL*IJB0[TN;SWG�E�GCEYN
q K M;G\EHGCEYN;G\L M[TN�N IJE KDU GJ[�N;SPEHG I �YM;_ d D�GJEYNCLDEYN OCEFB.s�BHSLJKJDEFBHG�E�G#oeE UWU EYN Z MM�GCB0EYN�j�QcSXEH_�[*O;S&���YSXEFBHM;N�J
O;EFB!� U EFL*IJB0[TN;SWLVSW_ n [DBZo MK B0I0G�DhEFB0EYSPEHG^SWGJI�O K G;EFB�N;SPE�G I G0S N;N$kD[ U U j
=g_ O;EYN kD[ UWU EYN+/]MCI��FEYN K M;G OCEYN�_�[-O;Sl�;L K I0SX[TNCEYNPOCEFB(� U EFL*IJB0[TN;SXLF�YM �YSXE_GCEYN�u�o M;BHOCEYN NCEYMCE

d "i_ b _�[*O�M U E EYN Ieo SPEHLDE U I6u#O�SXEgE U EFL IJB0[T_ K JTNCEFI0SWG\EHGCE7M;N;O G K OCB0[TN;SWG�E�GCE�s�s�baQ-SPJTN KDU E)JDEFIJB0EYN;N I O;SWGGb
L*BHSW_RSWN;SXEFB0EYN�jw_�SXI O;EY_'� SWN;G0EFI��FIJEYN OCEFB NCEYMCEYN�d "i_ b _�[*O�M U E�SWGJI OCEFB(=]_�D K M OCEFBid]N KDU [KJDE U EFL#b
IJBH[TN;SXL6O;EYG C�dgB�bes
BfSLJKJDEFBHG K D�JDEYG�E�G U [TGHGJEYN�jSQ K GO=]_ D K M��;B0[KJDB K _�_ ogSXBHO _�SXIcEYSWNCEFB(� BZo\EYSXIJEFBHM;N0J
O;EFB^QcSLJTSXI KDU E U EFL*IJB0[TN;SWLVOCEYG�s�BHSLJKJDEFBfG6u;OCEY_/GJ[KJDEYN K N;N IJEYN+8DEFIJIJBHSPJKJDEFB U �6��-@|BuOZ8[DB0I�JDEYGJEFI��FI6j

CEDGFHD�� � ��� OQP R
^ V L OUT � OUT ��� W�X<^�� L W R
^ZY]T
QcSXE � S N0JDBHS'&hEVSWN�O;SWE n EFBHGJI MK BHLDEFB0E U EFL*IJB0[TN;SXL#Z MMOGCB0EYN �YM EYS NCEFBQn EFB MK N;OCEFBHM�N0J�O;EFB�`hEYSXIJLD[TN;GJI K N IJEYN
O;EFBEs�BHSLJKJDEFBHGHSLJTN KDU E{j Q]M;B�E�G�O;SXE n EFB0BHSWN0JDEFBfM;N0J6O;EYGdQ0E�G*MCI��6o SWOCEFBfGJI K N;O;G7EFB0B0EYSPEHG I�O K GQs
BfSLJKJDEFBHG0S b
JTN KDU G�E�G;NCE U U EFBdGJEYSWN _ K =CSW_ M;_ u O�SXE G M[NGCEFB0E g K � K �YSXI MK I�O;EYGdNCEYMCEYN 8�`H�xs kDEFBC� M[KJDEFB0IRO K GUs�BHSLJcb
JDEFBfG0SLJTN KDU j  \EFIJB K J�M;N;O�qgSPE�G I0M;N0J O;EFB n EFBHG\EHG;SXEbD�M�N0J OCEYG Q-SLJTN KDU _ K =-SW_ M;_�GQogMCBHOCE^_�SWI rgS U Z%E
O;EYGUg KDU SLD;B K I0SX[TN;G���M U GJEFBHG�
-GJIJEY_�G@U �6� %!|gOCEYG�g KDU [DBHSW_dEFIJEFBfG�JDEY_�EYG0GJEYN�j�d D�D�S U O;M;N0J2�fj.-+�FEYSLJDI�O K G
q EYG0M U I K I�O;SXEYG0EFBQ_�EYG0G0M;N�Jfj QcSXEtn EFBHG\EHG;SXEbD�M�N0JDEYN#D�SWG(�YM EYSWN;EY_ G KDU DhEYN  ( oeEFBHO;EYN O�MCB�E�G O;SXE
d]O �0M;GJI0SXEFBfM;N0J�OCEYG�_ K =-SW_ M;_�G OCEFB�s�BHSLJKJDEFBE�FE UWU G0SLJTN KDU E K M0Z OCEYN6Q;QS_�G�LD[T_S�hEYN;GHSXEFB0I6j
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 eEYS O;EFB�q E K O �0M;GJI0SXEFBHM�N0J O;EYG `hEYSXI���M;NCL*I0G�OCEYG�Q-SLJTN KDU _ K =-S _AM;_RG�o MCBfOCE]O�SXE4n EFBfGJI MK B0L-M;N0JdOCEYG
s (xbaQ-SLJTN KDU G�EFB�G M[NG I6u�Z MMCBgE U EFL IJB0[T_ K JTNCEFI0SWG\EHGCE�s
BfSLJKJDEFBE�FE UWU EYN�M;_'�c��
tu�Z MMCB G K OCB0[TN;S G\E�GCEQs�BHSLJKJDEFB�b
�FE U U EYN M;_ £9��
pj QcSXE6O;SLJTSXI KDU EYN Q0E�G#oeE UWU EYN OCEYG s�BHSLJKJDEFBfGYD U SWEbDbEYN�M;N#kDEFB MK N;O;EFB0I6j QcSXE�E%&bEFL*I0SlkDE
d D�GJEYN;L*M;N�J�O;EFB�s
BfSLJKJDEFBHG\EHG$o\E UWU E EFB\JTSPD;I�G0SPEHG KDU GJ[ K M;G OCEFB JDB,M[ v EFB0EYN Q-SLJTN KDU kDEFBHGJIXMK B0L-M;N0Jfj

d^D�D#S U O;M;N�J2�fj %
�FEYSLJDIRO�SXEtg KDU SLD;B K I0SW[TN O;EFB�` d)Q;(�G K _  \EYSWG��#SXE U kD[TN-� -�`~d Q;(�G K M;GdOCEY_
`5 ]j  \EYSP�eNCEFB\JTSXEYN kD[TN EFIeo K $c� "]E6n SWG0I]OCEFB O�
-N K _�S G\E�GCE  \EFB0EYSPE�G OCEFBH`~d)Q9( GgEFBfG\E�G M[K�OZ%I6j�QcSXE
g KDU SLD;B K I0SW[TN;G�Z K L IJ[DB0EYN KDU U EFB�`~d Q;(�G�G0SWN;O S Nid^DOD�S U O;M�N0J\�fj.(��8[KDbEYN � KDU G�`;M�NCL I0SW[TN7OCEYG  �s�b
�]bBhaN;O;E�=
JDE��FEYSPJDI6j _6SXI OCEYN�g KDU SPD;B K I0SX[TN;G\Z K L*IJ[DB0EYN OCEFB E U EFL*IJB0[T_ K JTNCEFI0SWG�E�GCEYN�`~d)Q;(�G L M[TN�NCEYN K M;G OCEYN
O�SLJTSXI KDU EYN�QFEHG$o\E UWU EYN�OCEYG�s�BHSLJKJDEFBHG O;SXEAQFEHG$o\E UWU EYN6OCEFB^C�dgB�bes�BHSLJKJDEFB�b"� U EY_dEYN IJE�DhEFB0E_E�G�NCEFI�o\EFBHOCEYN
� d D�D�j��fj.(RM;N IJEYNA� j4haN `5 M;N;O*(3 U SWEbJDIgO;SXEdQFE�G#o\E UWU E Z MMCB]O K G4s�BHSLJKJDEFB�s#� C�dgB E U E_E IJB0[TN � DhEYS
EFI o K � "cE6n�u;O;SWE]OCEYG.s!�]C�dgB E U E_E IJB0[TN £VDbEYS�$ j ��"]E6nEjfh _  3 � S GJIIZ MMCB DhEYSWOCE�s
BfSLJKJDEFB0E U EY_dEYN IJE
EYS NCEAQFE�G#o\E UWU EHkD[TN -�"cE6n EYS N0JDEYGJIJE UWU I6j
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FADC = 352
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L K N;O;S O K IJEYN OCEFB^Q]BHSLZ8IJL K _�_dEFB U SXEbJDI�_RSXI��~j.(�"]E6n o\EYSXI�M;N IJEFB OCEFB Z MMCB�O;SWEYGJEidgN KDU 
*G0E SWN IJEFBHEYG0G K N~b
IJEYNts�B K N;G�kDEFBHG KDU SW_S��M U GJEYN�OCEYG$� U EFL IJB0[TN�G6j�d U G `bEYSXIJL*BHSXIJEFBfSWM;_ o SXBfORN*MCBeO K G$�6n]I � s���kDEFBZo\EYN;OCEFI6j
Qfs1% �Ho SWBHORO;M;B�E�G2OCEYN C�dgB E U E_E IJBH[TN~bed U JD[DBHSXI\G;_ M;G\OCEYG=C:£cs�s kDEFBHSl���YSXEFBHI6j(Qfs1% �iogMCBHOCE�o MK GCB0EYN;O
O;EFB ���
� bAQ K IJEYN�N K G;_dEb�hEFBHSX[-OCEO�)y{y'(�&cy{y KDU G G��hE��YSXE U U EFB\s�BHSLJKJDEFBIZ MM;B � U EFL IJB0[TN;EYNRN;SXEYO;BHSLJDEFB3�eNCEFB\JTSXE
EYS N0JDEbZ MMOGCB0I M;N;O SWG0I�S N O;SXEYGJEFB�`;[DBH_ZGJEYSWI�q M;N2£{£'-�% ${£ K L I0S&k�j

QgEFBV��� 	�� L K N�N KDU GgB0EYSWN;EFBcQU��M;BgM;N;O�n EFB0IJE � s�BHSLJKJDEFB DhEFIJB K EHG IJEFI�o\EFBHOCEYN�uhO K O�SXE%�eNCEFB\JTSXE�b
G�E�G#oeE UWU E kD[TN�� "]E6nEu K DdOCEFB EYSWN�QU��MCBHL K N;O�SWO K I
OCEFB�} B0[K�h[DB0I0SX[TN KDU L K _�_dEFBfNAO;M;B�E�GAEYSWNCEYN
C�dgB�b  �s
kDEFBfSl���YSXEFB0I]o SXBfO�u
oeEYSXI M�N IJEFB OCEFB Z MMCB O;SXEYG0EQd]N KDU 
-GJEdSWN IJEFB0EYG0G K N IJEYN � U EFL IJBH[TNCEYNCEFB\JTSXEYN U SWEbJDI6jVQcSXE
n [DB K M;G0GJEFI��YM;N�JAO K Z MMCB)u*O Kcv O K G s#� �6ngI � G0SLJ��(�^JDEYGJEFI��FI SWGJI6u�DhEYGJIJE_G IeO K BHSWN�O Kcv SWN�OCEYN:�FEYN IJB KDU EYN
} B0[K�h[DB0I0SX[TN KDU L K _�_�EFBHN QU��MCBHL K N;O�SWO K IJEYN JDEbZ8M�N;OCEYN�o\EFBHOCEYN�j2 \EFB0EYSXI0GAEYSWN JDEbZ M;N;OCEYN;EFB�QU��M;B0L K Nfb
O�SWO K ISZ MM�GCB0I��YM;_ Q-EFI��FIJEYN OCEYG1s#� �6n]I � s��~j Q*[T_�SWI�SWGJI�SWN KDU U EYN �(B0EYSPJTN;SWG0GJEYN�ueO;SXE kD[TN Q~s1%��
JDEFIJBfSLJKJDEFB0Iwo\EFBHOCEYN�u�O K GO�6ngI � s�� JDEYGJEFI��FI6j6Q~s %���M;N;O Q~s % � G0SWN;OPS N SPGCB0EY_ `bEYSXIGbeg BHSWIJEFBHSWM;_ �YM
�6�{��
 LD[DB0B0E U SWEFB0I6jeQ~s1%��HogSXBHO2EbDhEYN0Z KDU U G�O;MCB�EHG EYSWNCEYN2d U JD[DBHSXI\G�_AM;G O;EYG C+£cs�s�kDEFBHSl���YSXEFBHI6j
K)D#o\[NG U ��� 	 	 K M�Z OCEY_ �(B0LDEYN;N;EYN kD[TN Z8E_G U EYN;OCEFB s�B K N;G�kDEFBfG KDU EYNCEFB\JTSWE O;MCB�EHG s#�

C+d B �(I0_RSWG0G��(�=D K G0SWEFB0I6uDSWGJI EFB EYSWN E	�&�YSXEYN IJEFB�s
BHSPJKJDEFB Z MMCBH/ �xb"�(B0EYSPJTN;SWG0GJEYN�j+rg[NGCE U [DL KDU E$�eNCEFB\JTSXE�b
O;Eb�b[TGHSXI0SX[TNCEYN�uG�YM;_  \EYSWG��#SXE U O�SXE\O;EYG�JDEYGJIJB0EYMCIJEYN&� U EFL*IJB0[TN;G6u MM0DhEFBHG�E�GCB0EYSWIJEYNAOCEYN�O�
-N K _�S G\E�GCEYN  \E�b
BHEYSPE�G OCEYG C+d B<s `~d)Q � Q�
*GJIJEY_RG6u~o K G KDU G Z8E_G U EYN;O;E]s�B K N;G�kDEFBfG KDU EYNCEFB\JTSWE]SWN IJEFB\�;BHEFI0SXEFB0I o SXBHO�j�Q K G
`hEYSXIJL BfSXIJEFBHSWM;_ SWGJI EYS N KcOCEFB�OCEFB4s���b  �SXI0G�OCEFB�n [DB<o MK B0I0GGbeM�N;O �FEYN IJB KDU EYN�} B0[K�h[DB0I0SX[TN KDU L K _�_dEFBfN�j

ha_ r��8bes
BfSLJKJDEFB�baQ�
-GJIJEY_ o\EFBHOCEYN2EYSWNCE�ncSXE U � K G U kD[TN/J U [KD KDU EYNpn EFIJ[cb  \EYO;SWN0JTM;N�JDEYN kDEFBZo\EYN;OCEFI6u
M�_ =]N IJEFB\JDBfM;N;OCEFB0EYSPJTN;SWG0GJE K M�G2Q*IJB K G U b�" K GGb�M;N;O Q-IJB K G U bB� K N;Ofbeq�E K L*I0SX[TNCEYN �YM M;N IJEFBHOCBNMMOE0LDEYN�j
QcSXEQg [DB0BHE UWK I0SX[TN�OCEFB7Q-M0D;IJBHSPJKJDEFB K M0Z�JDBHM;N�O JDEY_dEYS N;G K _dEFB�n EFIJ[cb  \EYO;SWN0JTM�N0JDEYN o SXBHO DhEYS�OCEFBH} K b
B K _dEFIJBHSWG0SWEFBHM;N0J�OCEFB4s�BHSLJKJDEFBHE	�&�YSXEYN�� N;S5E�G I DhEFB MM�E0L-G0SPEHG I0SPJDI6j=Q]EFBgO K DhEYS JDEY_ K EHG IJEU`CE_G U EFB JDE_G IgSWN
O�SXEHd^D�G�E�G MK I��YM;N�JROCEFB G�
-GJIJEY_ K I0S G\E�GCEYN =gN�G0SPE�G;EFB�GCEYSXI OCEFB�s�BHSLJKJDEFB0E	� �YSXEYN�� EYSWN�j

Q]SWEg_dEYSWG0IJEYN:� B0EYSLJTN;SWGHGJE�o\EFBHOCEYN1kD[TN Qfs -�% JDEFIJBHSPJKJDEFB0I6u~kD[TN Qfs1%��gM�N;OVQ~s1% �wo\EFBHOCEYN:�YM;G MK I���b
U SPE�GCE�� B0EYSLJTN;SWGHGJE1kD[DB KDUWU EY_ DhEYS N;SXEYOCBfSLJDEYN � U EFL*IJB0[TNCEYNCEFB\JTSWEYN[JDEFIJBHSLJKJDEFB0I6j Qfs1%'%6SWGJIUo\EbJDEYN OCEFB
=]N IJEFBHG\E�G�SXEYOCE SWN OCEYN2n EFIJ[cb K)�;I0SX[TNCEYN6SWN IJEFB0EYG0G K N I6j

` MM;B KDU U E=Q K IJEYNCBHM�N;G6uDO;SXE\SWNAO;EFB qgM;N;GJE U EFL I0SX[TN K L �FEb��I0SXEFB0I oeEFBfOCEYN�uco MCBHO;EYN K M0Z�O�SXEYGJE�QCM0D;IJBHSLJcb
JDEFBgLDEYSWNCEi} B0EYG\E KDU E�be` K L*IJ[DB0EYN K N0JDE6o K N;OCI6j �eSWNCE!"]E6o S5E�G I0M;N0JROCEFB#� B0EYSLJTN;S G0GJEcEYN I�Z MKDUWU I�O;EYG\G KDU D�j

CED��iDGF 
 V P R
^ J J OUT � �UV L�� L ^ ���4V L V�
�� ^ V T �
=]_ O;SXEws�BHSLJKJDEFB0E	� �YSXEYN��AO;EFB4g [T_�D�SWN K I0SW[TN�OCEFB0/��xbes�BHSLJKJDEFB0�YM6EFB�G KDU IJEYN�u�oeEFBfOCEYNF�YM;N MK E�G;GJIcO;SXE
���&�YSXEYN��FEYN O;EFB�EYSWN��FE U N;EFB�s�BHSLJKJDEFBHE U EY_dEYN IJE�DhE��YSXE_G M�N0JTG�o\EYSWGJE�kD[TN2g [T_�D�SWN K I0SW[TNCEYNtkD[TN�s�BHSLJKJDEFB�b
E U EY_dEYN IJEYN�DhEYGJI0SW_�_AI6j-QcSXEYGJE oeEFBHO;EYN SWN JDEFEYSLJTNCEFIJEFBp�PEYSWGJE � K B K _dEFIJBfSWG0SXEFB0I�M�N;O �YMCB "]EYG K _AIGb
E	� �YSXEYN��cOCEFB$/ �xbes�BHSLJKJDEFB�LD[T_�D�SWN;SXEFBHI6u$o\[KDbEYS�g [DB0BHE UWK I0SX[TNCEYN:�6o SWG\EHGCEYN2OCEYN QCM0D;IJBHSLJKJDEFBfNYDhEFBNMM�EHL$b
GHSPE�G I0SLJDI.o\EFBHOCEYN�j

Q]SWE�s�BHSLJKJDEFB0E	�&�YSWEYN�� EYSWNCEYG4s
BfSLJKJDEFB0E U EY_dEYN I0G]s#� ��D �6oij�EYSWNCEFB4g [T_ D�S N K I0SX[TN kD[TN s
BfSLJKJDEFB0E U E�b
_�EYN IJEYNA��o SXBHOto SXE Z8[ U JDI�OCE6�#N;SXEFB0I

����� � d]N�� K G U OCEFB��(B0EYSLJTN�SWG0GJE JDEFIJBHSLJKJDEFBHI O;MCB�EHG�_ s M;N;O s#�
d]N�� K G U OCEFB��(B0EYSLJTN�SWG0GJE)JDEFIJBHSLJKJDEFB0I]O;MCB�EHG2_�s ¡ ���fj.$,�

o\[KDhEYS]_ sHu J U EYSPEHG _�[TN;SXIJ[DB0IJBfSLJKJDEFB)u�EYSWN;EYN Q-M�D;IJBHSLJKJDEFB DbE��FEYS5E�G;NCEFI6u]OCEFB M;N K DOG MK N�JTSLJ�kD[T_ M;N~b
IJEFBfG0M�E�G IJEYN s�BHSLJKJDEFB0E U EY_�EYN I��YM;_�dgM�Z �FEYSPEHG;NCEYN�OCEYG��(BHEYSLJTN;SWG0G0EYG�Z MM�GCB0I6j QcSXE^Q*I K N;O K BHOSo K G U OCEFB
_�[TN;SXIJ[DBHIJBHSLJKJDEFB#�YM^O;EYN2s
BfSLJKJDEFB0E U EY_dEYN IJEYN�S GJI SWN2s K DbE U U E��fj � K M0Z�JDEbZHMM�G;B0I6j
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d U G]d U IJEFBHN K I0SlkDEYN
�YMCB  \EYGJI0SW_�_ M;N0J OCEFB�s#��b"���&�YSXEYN��FEYN6LD[T_�_dEYN SWN  \EFIJB K E�G I6�]EFBHGJIJEYN;GcO;SXE
QF� K � KDU Q-M�D;IJBHSLJKJDEFB2Qfs��~u Q~s(�cu�Q~s�£ u Q~s $PM�N;O Q~s�y KDU G1_�[TN;SXIJ[DB0IJBfSLJKJDEFB �YM kDEFBZoeEYN�OCEYN�u M;N;O
�6o\EYSXIJEYN;G KDUWU Eibe[NG;NCE�dgN#oeEYN�O;M;N0JRO;EFB4s�BHSLJKJDEFBHGJE U EFL I0SX[TN2beEYN;O�J MM U I0SLJRG0E U EFL I0SWEFB0IJEYN>� B0EYSLJTN;SWGHGJE KDU G
_�[TN;SXIJ[DBHIJBHSLJKJDEFB K M0Z?�YM0Z K GHGJEYN�j  eEYS OCEE_#M[KJ U SPEHGCLDEYSXIJEYN o\EFBHOCEYN �YM;_ Q*I0M;O;SWM�_/OCEFBcG�
*G0IJEY_ K I0SWG\EHGCEYN
=]N;G0S5E�GCEFB�G;EYSXI OCEFB�s�BHSLJKJDEFB\� K B K _dEFIJBHSWG0SWEFBHM;N0JEkDEFBZo\EYN;OCEFI6j

9;:�<�='>�?@?BA!C�DFE�:G<IH)J�>KDLDL:GJ0MONQP�RS:4T!=0UVC!RXWZYZ[#A\?@:GC!<

r K M0�;I0GHM0D;I�]HSLJKJ�^_] OS^_]tkD[�] U S`^bJ�^YN�OS^YN d]N KDU 
Xa�^�S aJI Qfs -�%#j Q K apsb]HSLJKJ�^_]-^ U ^Y_c^YN I6u]O K a2O;S`^ �eNS^_]�b
JTS ^da\E�G#o\^ U U ^YZe^daJI U ^bJDI6u K D O4^_]AO K a J�^daJI�]-^YMCI�^ � U ^FL*I�]0[TN N K E�G0J�^6ogS`^da�^YN�o\^_]HO4^YN L K N;N�u�SfaJI7O K a�s#�
C+d&] ^ U ^_E I�]0[TN �cj QcS`^ O;SPJTSXI KDU ^ QFE�G#o\^ U U ^ OS^da.sZ]fSLJKJ�^_]�a S aJI SW_/`g^YN I�] KDU Dh^_]-^YS5E�G K M0Z � "i^6n?SW_  3 �
K M�Z1- "j^6nk^YSWN0J�^da0I�^ UWU I6j�sZ]H[DI��YOS^Y_�o\^_]fOS^YN U [DL KDU Sfa0S`^_]0I�^tql^bJTSX[TNS^YN�SW_ C�d)]�� J�^bZ8M�N;OS^YN�u(SWN OS^�b
N4^YN
O;S`^�� �&�YS ^YN�� OS^daYC�d)] ^ U ^_E I�]0[TN �/Z MMS]&� U ^FL*I�]0[TNS^YN4^_]\JTS`^YN#J�] M[ v ^_] KDU aF�9� "i^6n M;N I�^_]>�6�{��

U S`^bJDI6u4a0S`^_GS^�d^D�D#S U O;M;N�Jw�fj¤y j =&]�a K E�GS^7O K ZHMMS])a0SWN;O�� OS^ K L*I0Slk-S`^_]0I�^wsb]HSLJKJ�^_]C�_^ UWU ^YN�u;O;S ^Ho\^bJ�^YN GC[NGS^YN
q K M4a\EHGS^YN4aRO�S`^�q K I�^�OC[T_�SWN�S`^_]-^YN�o MMS]fOS^YNVm^Qi^bZe^FL I�^ SWN OS^_] Q-SLJTN KDU k�^_]�aJI MK ]0L-M;N0J'aJL�^FIJI�^{u�O�S`^��YMS]
Q�MK IJI0SLJTM;N0J OS^dadQ-SLJTN KDU a�ZHMM�GS]-^YN�u!Dh^6kD[�]dO;S`^da�^da O;S`^psZ]fSLJKJ�^_]�a\EHG$o8^ UWU ^RMM0Dh^_]�a\EHGS]-^YSXI�^FI_m\}!]0[KD U ^Y_n^VSWN
O4^_]AQ-SLJTN KDU MM�Dg^_]HI�] K JTM;N0J SWN OS^_] K N KDU [KJ�^YN�sb]HSLJKJ�^_]�ber K ]HOfo K ]-^{jV`hMS](=]N I�^_]�a0M�EHG M;N�J^O;S`^da�^_]Hh NS^	�Ub
�YS ^YN��_^YN^M;N I�^_]0I�^YS U I�_ K N�O;S`^ � Dg^YN4^{u�O;S`^�kD[T_ � U ^FL*I�]0[TN~bed]M0Z8I�]-^%&3�#M;NCL*I�S _ C�d)]��po�qsr�tcM�N;O OS^Y_
� U ^FL*I�]0[TN~bed��YSW_AM;I\G$o S NCL�^ U avuGw K M0Z�J�^da�� K N;N�xHo S`]HO�uhS N haN�x�^_]Zk KDUWU ^QkD[TN�£{£sy ��zdSWN{u�w M�N;O �6� EF_ SWN
o�q�r�t�j  \^_]�^YSPE�GS^{u SWNPOS^YN4^YN;�6o\^YS Dg^YN K E�G D K ]-x�^Uh N�x�^_]Zk KDUWU ^c^YS NS^&� �&�YS ^YN��UkD[TN+| y9��
~}DM0Z�o8^YS a�^YN�u
o8^_]HOS^YN�}DM4a�OS^Y_ Qi^_x�^FL�xJ[�]Zbed L��_^b�4x-}DN��6kD[ U M�_c^YNB}DM4a\J�^da\E�G U ['a-a�^YN�j QcS`^;aJ[ OS^6��N;S`^_]�x�^YN  8^_]-^YSPEHGS^
aHSWN;O SWN s�}�Dg^ U U ^��fj.-n}DM0Z�J�^bZ MMOGS]-x6j

` MM4](� U ^FLsx�]0[TNS^YNS^_]�JTS`^YNQ���w |L�9��"j^6n�^_]Zo8^YS a�xj^da�aHSPE�G�} U a N;[�xeo8^YN;O;SLJfu,O;S ^�S NS^	�&�YS`^YN�x�^YN ql^�b
JTSW[TNS^YNRSW_  � ��}DM4aE�YM;OS^_G;NS^YN�u M;_�^YSWN4^�kD[TN�u�w�M;N4}�D�G M}DN0JTSLJ�^�sb]HSLJKJ�^_]�a\E�G#o\^ U U ^#�YM�^_]�G4} U x�^YN�j�Qi^_]
M= Dh^_]\J'}DN0J'a�Dh^_]-^YS5E�G�OS^_]3 �s OS^da� 3 � �YM� �s OS^da��3 �o S ]HOSZHMMS]3� N4^_]\JTS`^YN�|.�9� "i^6n�}DMGa�J�^da\E�G U ['aGb
a-^YN�u*M�_ ���&�YS`^YN��6k�^_] U M4a�x�^0�YMtk�^_]H_c^YSWOS^YN�u*O;S ^gO4}DO;M4]�E�G;}DM0Zex�]-^_x�^YN�uCO4} v a0SPEHG2O4^_]8^ U ^FL�x�]0[T_�}�JTNS^_x0S b
a�E�GS^ Q0E�G4}DMS^_]gOS^da#� U ^FL�x�]0[TNGal}DM0Z _c^_GS]-^_]-^# �s�}DM�Z1x�^YS U x6j
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Ausschlußvolumen

zusätzliches  Ausschlußvolumen: Run < 236000

ineffizientes T0 für y < 0.05

φ [°]

z 
[c

m
]

100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 97 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100 98
100 100 100 100 97 100 100 100 100 100 97 100 100 100 100
100 100 100 96 91 100 100 100 100 100 100 100 100 100 100
100 100 100 98 83 100 96 100 100 100 100 100 100 100 100
100 100 100 100 100 100 91 100 100 100 100 100 100 100 100
100 100 100 100 100 98 92 98 100 100 100 100 100 100 100
100 100 100 100 100 100 97 100 100 100 100 100 100 100 100
100 100 100 100 100 100 85 100 100 100 100 100 100 100 100
100 100 100 100 100 100 96 100 100 100 100 100 100 100 100
100 100 100 100 100 100 88 100 100 100 100 100 100 100 100
100 100 100 100 100 100 97 100 100 97 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 83 100 100 100 100 100 100 100 100 100
100 100 100 86 100 56 100 100 100 100 100 100 100 100 100
100 100 95 85 100 87 100 100 100 100 100 100 100 100 100
100 100 94 93 100 61 100 100 100 100 100 100 100 100 100
100 100 91 72 100 73 100 100 100 100 100 100 100 100 100
100 100 100 94 100 69 100 100 100 100 100 100 100 100 100
100 100 100 91 100 100 100 100 100 75 100 100 100 100 100
100 100 100 85 100 100 100 100 100 82 100 100 100 100 100
100 100 100 90 100 100 100 100 100 65 100 100 100 100 100
100 100 100 72 100 100 100 100 100 87 100 100 100 100 100
100 100 100 86 100 100 100 100 100 80 100 100 100 100 100
100 100 100 100 100 100 100 100 100 72 100 100 100 100 100
100 100 100 100 100 100 100 100 100 91 100 100 100 100 100
100 100 100 100 100 100 100 70 100 88 100 100 100 100 100
100 100 100 100 100 100 100 66 100 80 100 100 100 100 100
100 100 100 100 100 100 100 100 100 60 100 100 100 100 100
100 100 100 100 100 100 100 80 100 60 100 100 100 100 100
100 100 100 100 100 100 100 100 100 80 100 100 100 100 100
100 100 100 60 100 100 100 100 100 83 100 100 100 100 100
100 100 100 83 100 100 100 100 100 50 100 100 100 100 100
100 100 100 100 100 100 100 100 100 40 100 100 100 100 100

100 100 100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100

-175

-150

-125

-100

-75

-50

-25

0

25

0 22.5 45 67.5 90 112.5 135 157.5 180 202.5 225 247.5 270 292.5 315 337.5 360
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 97 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100 98
100 100 100 100 97 100 100 100 100 100 97 100 100 100 100
100 100 100 96 91 100 100 100 100 100 100 100 100 100 100
100 100 100 98 83 100 96 100 100 100 100 100 100 100 100
100 100 100 100 100 100 91 100 100 100 100 100 100 100 100
100 100 100 100 100 98 92 98 100 100 100 100 100 100 100
100 100 100 100 100 100 97 100 100 100 100 100 100 100 100
100 100 100 100 100 100 85 100 100 100 100 100 100 100 100
100 100 100 100 100 100 96 100 100 100 100 100 100 100 100
100 100 100 100 100 100 88 100 100 100 100 100 100 100 100
100 100 100 100 100 100 97 100 100 97 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 83 100 100 100 100 100 100 100 100 100
100 100 100 86 100 56 100 100 100 100 100 100 100 100 100
100 100 95 85 100 87 100 100 100 100 100 100 100 100 100
100 100 94 93 100 61 100 100 100 100 100 100 100 100 100
100 100 91 72 100 73 100 100 100 100 100 100 100 100 100
100 100 100 94 100 69 100 100 100 100 100 100 100 100 100
100 100 100 91 100 100 100 100 100 75 100 100 100 100 100
100 100 100 85 100 100 100 100 100 82 100 100 100 100 100
100 100 100 90 100 100 100 100 100 65 100 100 100 100 100
100 100 100 72 100 100 100 100 100 87 100 100 100 100 100
100 100 100 86 100 100 100 100 100 80 100 100 100 100 100
100 100 100 100 100 100 100 100 100 72 100 100 100 100 100
100 100 100 100 100 100 100 100 100 91 100 100 100 100 100
100 100 100 100 100 100 100 70 100 88 100 100 100 100 100
100 100 100 100 100 100 100 66 100 80 100 100 100 100 100
100 100 100 100 100 100 100 100 100 60 100 100 100 100 100
100 100 100 100 100 100 100 80 100 60 100 100 100 100 100
100 100 100 100 100 100 100 100 100 80 100 100 100 100 100
100 100 100 60 100 100 100 100 100 83 100 100 100 100 100
100 100 100 83 100 100 100 100 100 50 100 100 100 100 100
100 100 100 100 100 100 100 100 100 40 100 100 100 100 100

100 100 100 100 100 100 100 100 100 100 100 100 100
100 100 100 100 100 100 100 100 100 100 100 100 100 100
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Ey»b¹ R�»TOvISO�»TISO�»TY XN¹H»TI54POUI_¸(YP»�K�¹J»b¹H»dX[K5»ML�¼o¹ NPOZLSº�OQRUISR^ºT¼o»TO�4O»b2�WQOUR�»TO�st¸_ND7FI5¹ R R�»b¹�Y-I5¼JR�»TYK RNBIHK^¸o¼o»TO�eÀ¹�º�O^¸oxO»b¹H¸Jº�K]ISY$aQWUK�¸&Y-I5¼ER^»TY�4O»�¸o¼o¹J»TW�¼o»TO�X&K5»ML�¼o¹+NPOdI]R�»TO½¼+I_`^9TI5»b¹J¼bZ
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�!òUòQI]KSRUWUO�4D��Z=<~<�N�òt»TO A@9b»TI54O¼fR^ºO¸qX[O�»b¹J4PI5»�¸_at»ML�¼o¹ WUY R�»b¹{º�K_¸�4O»�¸o¼o¹J»TW^¼o»YX&K_»ML�¼o¹+NPO^»TO8ISR�»TO�¼+I5`^9TI5»b¹JV¼o»TO°i<KSWa¸o¼o»b¹�Z�Ey»TI5¼o»b¹h7FI5¹eR8R^ºO¸dX&O�»b¹J4PI_»�¸_at»ML�¼o¹ WQY R�»b¹{X[K5»ML�¼o¹+NPOZLTº�OURUISR^ºT¼o»TO~4O»b9b»TI54O¼bs&RUI_»;º�KSK5»TISOº�W^2 4O¹ WQOURc»TISO^»�¸@»TI]O�9TI54O»TOU6�¹ I5¼o»b¹ I]WUYm¸FR^»�¸FN�òt»TO¬òt»�¸JIHK�¹eI5»Mòt»TO�»TO�X[K5»ML�¼o¹ NPO]V c W^I�K^º�K54�NO¹ I5¼JKQYpW^¸wxO»b¹oV7�NO¹J2 »TO;7 »b¹ R�»TO[ZN\@»b¹8p »TI5¼o¹HºT4hx�NPOD�(O½¼o»b¹J4O¹eWUOUR�»b¹J»TI_4POUI_¸J¸o»TOm7FW�¹ R�»(R^ºbòt»TIQRUW^¹HIHKmRUI5»(ISOY�!òa¸JI�KUOUI5¼o¼��Z Mh9TWxòt»�¸JIHK�¹H»TIVòt»TOUR�»�¸o¼JºT¼+I_¸o¼+I�¸JIHK�» c WZò^¼o¹HºbL�¼+IVNPOD»TKSISY\ISOUI5»b¹J¼bZ
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.!, ¡3� ��� , ���X¡P�j�y¦?� ���QÌ�T£�� , �¯�&Ê�� , �T� « � Í������e����� ,3«'.$«-. �TÌ. ��� � � ·y�¯�e��� , � , �
���e� ��, �³����� , �T£³�.¼ .!, �����¯� , ¡��e��¢s£ . µ
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\(I_»q\@»b¼o»ML�¼_NO¹H¸+I]YpWUK�ºT¼+IVNPOdKSI5»b2 »b¹J¼ »TISO�»j4PW�¼o»fp »�¸JI�K�¹J»TIVò�WUO�4$R�»�¸8X&O^»b¹J4PI5»�¸_at»ML�¼o¹ WUYm¸<R�»b¹uºbL�9b»Ma�V¼+I_»b¹J¼o»TO°X&K5»ML�¼o¹+NPO�»TO.7FI_»Dº�WaIHKÎR�»b¹P9TW�¹ RW^I+L�4O»b7FI5»�¸o»TO^»TO°X&K5»ML�¼o¹+NPOZLTº�OURUISRaºT¼o»TO�Z c NPY-I5¼d7FI5¹eR.º�WaIHK
RaºO¸u:�»b¹HKÀRº�K_¼+OUI_¸8x�NPO�xO»b¹J7�NO¹J2 »TO^»TOc9TWUºbL�9b»Ma^¼+I_»b¹J¼o»TO�X�¹J»TI54POUI_¸H¸o»TOxL�NO¹J¹J»ML�¼Fòt»�¸JI�K�¹ I5»Mòt»TO�Zkg!W�¹@»b¼l7�º�TZ���� R^»b¹jg�ikVlX�¹J»TI54POUI_¸H¸o»f7 »b¹ R�»TOoRUW�¹�IHKoRUI5»h6�¹ I5¼o»b¹eI5»TO�R�»�¸jX[K5»ML�¼o¹ NPO]V c W^I�K^º�K54�NO¹ I5¼JKQYpW^¸@xO»b¹J7�NO¹oV2 »TO�Zu\jºT¼o»TOvWUOUR c ISYfWUK_ºT¼+IVNPOc¸J¼+ISY-YP»TO Y-I5¼w»TI]O�»b¹@¿�¹ RºT9TI_¸+IVNPO�x�NPO�òt»�¸J¸J»b¹@º�K_¸(�]Z���� RWZòt»b¹J»TISO�Z8\JI5»�¸7 »TI_¸o¼�º�W�2[RUI5»hKZNBK�»PXNzm9TI_»TO�9$R�»�¸jX&K5»ML�¼o¹+NPO]V c WaIHK^º�K54�NO¹eI5¼JKUYfW^¸!WQOURoI_K�¹J»pL�NO¹J¹J»ML�¼o»;p »�¸JIHK�¹H»TIVòQWUO�4
I]OxR�»b¹ c ISYfWUK_ºT¼+ISNPOLKQISO�Z
\(I_»	XNz;9TI5»TO�9 R�»�¸UX&K_»ML�¼o¹+NPO�V c W^IHKaº�K54�NO¹ I5¼JKUYfW^¸D7FW^¹ R�»~º�W�2$R�»TY \jºT¼o»TO^¸JºT¼o9ÎR�»b¹U¿sNB¸ I5¼o¹+NPO]V\jºT¼o»TOUOaºOKUYP»Mat»b¹ IVN�R�»����O���TV �BMoI]Y�\F»b¼Jº�ISK<WUO�¼o»b¹H¸+W^I�K½¼�U ?b��i Z|C�I_¼{»TISO^»TY�º�K5¼o»b¹eO^ºT¼+I5xO»TO.X&K5»ML�¼o¹+NPO]V

c W^IHK^º�K_4�NO¹ I5¼JKUYfW^¸bs�R�»b¹Fº�W^2&R�»b¹JI_¸_NPKSI5»b¹H¼o»TO c aQW^¹!R�»�¸jX&K_»ML�¼o¹+NPOa¸Fòt»b¹ W^K�¼bsa7!W�¹ R�»fRUI5»{X�zm9TI5»TO�9fR�»�¸
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KQI5»b¹jxO»b¹J7k»TOQR�»b¼o»TO|X&K_»ML�¼o¹+NPO�V c W^IHKaº�K54�NO¹ I5¼JKUYfW^¸(RUI5¹J»ML�¼�º�W^¸�R�»TOQ\jºT¼o»TO8òt»�¸o¼+ISY\Yf¼bZd\(I_»�¸o» c ¼+WURUI5»
òt»TK5»b4O¼o»�RUI5»NKZNBK^»kXNz;9TI5»TO�9&R�»b¹�X&K5»ML�¼o¹+NPOUI]R�»TO½¼+I_`ULSºT¼+ISNPO�WUOURXRUI_»N4PW�¼o» R�Fòt»b¹J»TISOa¸o¼+ISY-YfWUO�4 9b7FI_¸JI�K�»TO\jºT¼o»TOxWUOQR c ISYfWUK_ºT¼+ISNPO-òt»TIa»TI]O�»b¹ ¸Jµ�¸o¼o»TY;ºT¼+I_¸JIHK^»TOL�(O^¸+I�IHK�»b¹HK^»TI5¼[R�»b¹8X�zm9TI5»TO�9(R�»�¸ c W^IHKaº�K54�NO¹ I5¼JK]V
YfW^¸8x�NPO h��LZ�\JI5»�¸o»�¸@nu»�¸+WUK_¼JºT¼87FI5¹ RDº�W�2yR�»TO�X[K5»ML�¼o¹ NPOUR^ºT¼o»TO^¸JºT¼o9 RWZòt»b¹J¼o¹HºT4O»TO�Z\(I_»mXNzm9TI5»TO^9-R�»�¸ c W^I�K^º�K54�NO¹ I5¼JKQYpW^¸�WQOURoRUI5»hE|ºOK�¹H¸JI�K�»TISOUK]I_IHKZLO»TI_¼F»TI]O�»b¹f¶�»�KUK]ISR�»TO�¼+I5`^9TI5»b¹ WQO�4
L RNPOUO�»TOvR^»b¹ c ISYfWUK_ºT¼+IVNPO�»TO�¼+OZNPY-YP»TOy7 »b¹ R�»TO[Zm\(I_»mXNzm9TI5»TO^93I�¸o¼XR�»b¹qp ¹ W^I�K½¼o»TISK&R�»b¹qXN¹J»TI_4POUI_¸J¸o»Os
I]O8R�»TO�»TO~»TISO~X[K5»ML�¼o¹ NPO~4O»b2÷WUOUR�»TO|7FI5¹ R�Z�\JI5»mE|ºOK^¹H¸JIHK^»TISOUKSI_I�KZLO»TI5¼q»TI]O�»b¹{¶�»�KQKSISR�»TO�¼+I5`^9TI5»b¹eWUO�4xI_¸o¼
R^»b¹upk¹eW^IHK�¼o»TISK1R�»b¹uX�¹J»TI54POUI�¸J¸o»OsZISOxR�»TO�»TOD9b7�ºT¹u»TISO�X[K5»ML�¼o¹+NPO�»b¹+LTº�OUO�¼87FI5¹ R�s�RUI5»�¸J»�¸uºbòt»b¹EOUI_IHK�¼EISO]V
O^»b¹HK^º�KVòY»TISO�»�¸�6�NPO�W^¸<Y-I5¼�nwº�RUISWa¸k�#�w����hO�3Y\I5¼�R^»TY 4O»TO^»b¹ I5»b¹J¼o»TO�X[K5»ML�¼o¹ NPO RWUò�»b¹H»TISO^¸o¼+ISY\Yf¼bZ�X�¸7 »b¹ R�»TO�º�KSK5»fX�¹J»TI54POUI�¸J¸o»�òt»b¹ RW^I L�¸+I�IHK�¼+I54O¼bs�ISO�R�»TO�»TO�RQI5»fX&O^»b¹J4PI5»AR�»�¸w4O»�¸o¼o¹J»TW�¼o»TOQX[K5»ML�¼o¹ NPO^¸������ �	��
4O¹ RNO�O»b¹�?h�F»b:²WUOUR�RUI5»81�O�»TK_ºO¸o¼+I_9TI5¼ RºT¼
���	��
��`�����pI_¸o¼bZ�X�¹J»TI54POUI_¸H¸o»EY-I5¼�K RNBK�»b¹J»TY��h¸ ISOURP»Wr�at»b¹ ISYP»TO]V¼o»TK]K[¸JIHK�7FI5»b¹eI54P7k»b4O»TO¬R�»�¸uKUNBK�»TOcp »TI5¼o¹HºT4B¸(R�»�¸w�(O�¼o»b¹J4O¹ WUOURa¸8º�W^¸w¿kKZNO¼_N�a^¹+N�RUWZL�¼+IVNPO^¸o»b¹H»TI54POUI_¸J¸J»TO�Z�(W��O»b¹ R^»TY ¸+ISOUR3RUI5» c ¼o¹HºOKQKSWUO�4B¸_L�NO¹H¹J»ML�¼+W^¹J»TO3ISO3RUI5»�¸o»TY L�ISO�»TYmºT¼+I�¸JIHK�»TOhp »b¹J»TI_I�KP4O¹+NO��ZN\JW�¹HI�K$R�»TO
��V c I�KUOUI5¼o¼q7 »b¹ R�»TO ISY »Wr]¼o¹J»TYP»TO	:yNO¹J7 RºT¹J¼J¸+ò�»b¹H»TI_IHK~4O¹+NO�O»LX[K5»ML�¼o¹+NPO]VlX&O^»b¹J4PI5»TOyxO»b¹ K�º�O�4O¼bZDEy»TI5¼o»b¹7!I5¹ RmxO»b¹eK_º�O�4O¼bsZR^ºT�3R�»b¹k»Wr]¼o¹Hºba�NPKSI5»b¹H¼o»@�(W�2 ¼o¹H» r aQWQOZL�¼�R�»�¸k4O»�¸o¼o¹J»TW�¼o»TO�X[K5»ML�¼o¹ NPO^¸[I]Y 6qº�KSNO¹ ISYP»b¼o»b¹
òt»TI������������q���b�QIMY KSI5»b4O¼bs�¸_NoR^ºT�¬RaºO¸{X[K5»ML�¼o¹ NPO RUI_¹J»ML�¼fISO^¸{p p�X 4O»TK�º�O�4O¼bsyNBKUO�»Yx�NO¹HK�»b¹$R^ºO¸n RW^I+L�7 RºT¹J¼J¸+LSº�KVNO¹eISYP»b¼o»b¹ c a º½i�º�Kt9TWdRUW�¹�IHK^G�W�»b¹J»TO�Z
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MC: Signal
Effizienz des Elektron-Suchalgorithmus
Wahrscheinlichkeit einer Fehlidentifizierungc)
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�FòUò�ISKSRUWUO^4���Z ��9b»TI54O¼ RUI_»·XNzm9TI5»TO^9 R�»�¸#X[K5»ML�¼o¹+NPO]V c W^I�K^º�K54�NO¹ I_¼JKUYpWa¸ º�K_¸#¶UWQOZL�¼+ISNPO R�»�¸X[K5»ML�¼o¹+NPO]Vl�(W�2 ¼o¹H» r aQWQOZL�¼J¸\ISY £
�w¹Áijs[R�»�¸L�w9TI]YpW�¼JK�7FISOULO»TK_¸m¸_N�7FI5» R^»b¹LX[O�»b¹J4PI5»�R^»�¸;4O»�¸o¼o¹H»TW�¼o»TOX[K5»ML�¼o¹+NPO^¸bZ 1�OnR�»TO R�!òt»b¹J4Bº�O�4B¸_òt»b¹J»TI_I�K�»TO=9b7FI_¸JI�K�»TO±R�»TO q L�¼Jº�O½¼o»TO�<>�!òUò[Z0��Z ��ò ¸+Nv7FI5»	9b7FI�V¸HIHK�»TOÎR�»TO°6fº�KVNO¹ ISYP»b¼o»b¹JV E/K�»b»TK�¸Pi8p<hoWQOUR i�p <°<>�FòUòÀZ.��Z �BºvI_¸o¼h»TISO^»L4O»b¹eISO�4O»b¹J»�XNz;9TI5»TO�9xR�»�¸X[K5»ML�¼o¹+NPO]V c W^I�K^º�K54�NO¹ I_¼JKUYpWa¸w9TWvòt»MN�òaºOI�K½¼o»TO[ZhX[ISO c IHKaº�W�»b¹�s1R�»b¹q¸+I�IHK RWZòt»b¹j»TISO�»TO c a º�K5¼Fº�Wa¸_ò^¹J»TI�V¼o»b¼bs�I_¸o¼�7 »TOUI54O»b¹[L�NPY$aaºbL�¼bs�¸+NpR^ºT�AR^»b¹&LTº�KVNO¹ ISYP»b¼o¹eI_¸JIHK^»@i<KSW^¸o¼o»b¹.RQI5»u¶ZNO¹ Y$L�¹ I5¼o»b¹eI5»TO-R�»�¸kX&K5»ML�¼o¹+NPO]V
c W^IHK^º�K_4�NO¹ I5¼JKUYfW^¸8K Rº�W�`a4-OUI_IHK�¼u»b¹J2 RWUKSK_¼bZ�\JI5» R�!ò�»b¹H4Bº�O�4B¸_òt»b¹J»TI_I�K�»�9b7FI_¸JI�K�»TO�R^»TOc6qº�KVNO¹ I]YP»b¼o»b¹ Y$NTV
RQWUK5»TOL7k»b¹eR�»TOcº�W^¸ER^»TY-\F»b¼o»ML�¼_NO¹oVl�!L�9b»Ma^¼Jº�O�9bx�NPKSWUYm»TOUº�Wa¸o4O»�¸JIHKQKVNB¸J¸o»TO.<>¸+I5»�K�»q�!òa¸JI�KUOUI5¼o¼w?�Z MOA�Z
��� �!��� ���$03/��<CE7e):5-) #./10$%32 5$#.: 2×7 # 8J'�/?@!%A;
	w7e03:U'�#./?:
\jºO¸hX&K_»ML�¼o¹+NPO	KUISO�¼o»b¹ K RºT�O¼dº�K_¸f4O»TK�º�R�»TO�»�¸heÀ»TI]K_IHK�»TO~»TISO�»Y1�NPOUI�¸JºT¼+IVNPO^¸J¸+aQW�¹XISO R�»TO c aQW�¹+LTº�Y-YP»b¹ O[s
RQI5»89TW�¹�:�»b¹eI5`ULTºT¼+IVNPO-R�»b¹ X&K5»ML�¼o¹+NPOUISR^»TO½¼+I5`QLSºT¼+IVNPOPK^»b¹Hº�O�4O»b9MNO4O»TOY7k»b¹ R^»TO-LTº�OUO�Z�¶@RW�¹&RUI5»@¿sNB¸ I5¼o¹+NPO]V\jºT¼o»TOUOaºOKUYP»Mat»b¹ IVN�R�»h���O���TV �BMh7FW�¹eR�»TO�RQI5»�k?WZNO¹ RUO�WUO�4fR�»b¹8eÀ»TISK�IHK�»TO^¸+aQW�¹ 9TWUY�LSº�KVNO¹eISYP»b¼o¹ I_¸HIHK�»TOi�KSW^¸o¼o»b¹$ISY \F»b¼Jº�ISKEWQO½¼o»b¹H¸ W^IHK�¼�U ?b��i Z �(I5»b¹;¸_NPKSK_»TO×O�W�¹-RUI_»L7 »�¸o»TO�¼+KSI_I�K�»TO c I�K�¹ I5¼o¼o»�9TW�¹ c aQW�¹J`QO�V
RQWUO�48WUOUR 9TW�¹;p »�¸o¼+ISY-YfWUO�4 R�»b¹YX�zm9TI5»TO�9�R^»b¹Li<KSW^¸J¼o»b¹oV c aQW�¹JV�k�WZNO¹ RUO�WUO�4�x�NO¹J4O»�¸o¼o»TKSK_¼;7 »b¹ R�»TO�Z\F»b¹jº�W�2yR�»TO�¿¨NB¸+I_¼o¹+NPOUR^ºT¼o»TO N�a^¼+ISY-I_»b¹J¼o»f�(K54�NO¹ I5¼JKUYfW^¸89TW^¹ c aQW^¹J`QOURUWQO�4{7!I5¹ R�º�W�2yRUI5»{X&K5»ML�¼o¹+NPO]V\jºT¼o»TOUOaºOKUYP»Mat»b¹ IVN�R�»����O����
T�O� RWZòt»b¹J¼o¹HºT4O»TO�Zy�(Y4Y RNO4PKSI_IHK^» R�(OUR�»b¹ WQO�4O»TO R^»b¹ c a�W�¹+LTº�Y-YP»b¹J»bzPV9TI_»TO�9b»TOÎRUW�¹HI�K°�!K_¼o»b¹ WUO�4oWUOURÎO�»TW²º�W�2 ¼o¹J»b¼o»TOUR^»c\@»b2 »ML�¼o»�9TWóòt»b¹ RW^I L�¸+I�IHK�¼+I54O»TO�s&YfW����o»TRZN�I�K`RUI5»X�zm9TI5»TO�9XR^»b¹ c aQW�¹J`�OURUWUO�4dº�W^¸ER�»TY X&K5»ML�¼o¹+NPOUR^ºT¼o»TOa¸JºT¼o9AO�»TWxòt»�¸o¼+I]Y-Yf¼�7 »b¹ R�»TO�Z
�����������������! #"%$�&
�('*)# ��,+.-/�� �"0��&
�,+012 �����$#3* #34�
k?WUO RºOIHKa¸o¼�7FI_¹ R-WUO�¼o»b¹8º�KSK5»TO c aQW�¹J»TO�s�RUI5»!R^»TY :�»b¹J¼o»WrL9TW�4O»MNO¹ RUO^»b¼ ¸+I]OUR�s�R^»TOY¸_NO4O»TOaº�OUO½¼o»j\jeunw�wV
c aQW�¹J»TO�sHRUI5»��o»TOUI54O»L»b¹ Y-I_¼o¼o»TK5¼bs.R�»b¹J»TO²X�r]¼o¹Hºba�NPK_ºT¼+IVNPO×ISO×R^ºO¸h6qº�KVNO¹ I]YP»b¼o»b¹P¸+I_IHK²º�Y O RºOI�K^¸o¼o»TO°º�O
R^»TO c I�K½7 »b¹+aQWUOUL�¼XR�»�¸ALSº�KSNO¹ ISYP»b¼o¹ I�¸JIHK�»TO.i<KSW^¸o¼o»b¹�¸qº�OUO RºOK�»b¹H¼bZL1�¸o¼AR^»b¹{�!òa¸o¼Jº�OUR R�»b¹f4O»b¹ I]O�4B¸o¼o»TO�(OUO RºOK^»b¹ WUO�465�7�8AL�K_»TISO�»b¹uº�K_¸��ThPIMYcs^7FI5¹ R¸RUI_»�¸o» c aQW�¹�R�»TY�i<KSW^¸o¼o»b¹�9TW�4O»MNO¹eRUO�»b¼bZ�£ RºT�O¼@¸+I_I�KxR�»TYi�KSW^¸o¼o»b¹XLO»TI]O�»;\jeunw�wV c aQW^¹q9TWZNO¹ RUO^»TO�sÀ7FI_¹ RvWUO�¼o»b¹{º�KSK5»TO	\jeugw:DRUI_»���»TOUI_4O»\Y-I5¼XR�»TYGL�K_»TISO^¸o¼o»TO
597�8 � :<;>=>?~4O»�¸+WaIHK�¼bs^7[N�òt»TI�5�7�8 � :<;>=>? R�»b¹�4O»b¹ ISO�4B¸J¼o»j�!òa¸o¼Jº�OQRmR^»�¸ c IHK�7k»b¹ aQWUOZL�¼J¸<R�»�¸�LSº�KVNO¹eISYP»b¼o¹ I�V¸HIHK�»TO�i<KSW^¸J¼o»b¹H¸N9TW�¹ :�»b¹+òQI]OURUWUO�4B¸J4O»b¹Hº�R�»TOPx�NPY :�»b¹J¼o»Wr;9TWQY X[OURZaQWUOUL�¼.R�»b¹�\jeug@:wV c a�W�¹[I_¸J¼bZ�1�¸o¼
RQI5»�¸o»b¹u�!òa¸o¼Jº�OURxL�K5»TISO^»b¹�º�K�¸Fhb�;IMY�s�7!I5¹ RxRUI5»�¸J» c aQW�¹ER�»TY�i�KSW^¸o¼o»b¹89TW�4O»MNO¹eRUO�»b¼bZ
@BADC ��&>3 C $4&>�E'F)# ���GH3#$� �3��
\JI5»P�(O�9�ºOKUKyR�»b¹{i�KSW^¸o¼o»b¹�s1R^»TO�»TOQ»TISO�» c aQW^¹@9TW�4O»MNO¹eRUO�»b¼�7 »b¹ R�»TOoL�NPOUO�¼o»OssOZNO¹eY-I5»b¹J¼�º�W�2�RUI5»;�F»WV¸Hº�Yf¼o9�ºOKUK¢º�KSK_»b¹ji<KSWa¸o¼o»b¹�sa4PISò^¼!RUI_» c aQW^¹J»bzm9TI5»TO�9{º�O�ZwEwI_IHK�¼+I54xI_¸o¼(R^ºbòt»TI s�RaºT�mISO RUI5»P�F»�¸Jº�Y{¼o9�ºOKUK
R^»b¹Di<KSWa¸o¼o»b¹�O�W�¹Di�KSW^¸o¼o»b¹mx�NPO�4O»TK_º�R�»TO^»TO�e
»TISK_I�K�»TO »TISO^4O»�K�»TO�su¸_N×R^ºT� RWZòt»b¹HKaº�WZa^¼-RUI5»Qi�K^º�O^IW»
òt»�¸o¼o»�K�¼bs^»TISO^» c aQW�¹�ISOxR�»TO�\@¹eI52 ¼_LTº�Y-YP»b¹eOD9TW�¹J»ML�NPO^¸o¼o¹eWUI5»b¹J»TO�Z\(I_»fXNzm9TI_»TO�9XR�»b¹ c a�W�¹oV i<KSWa¸o¼o»b¹oV�k�WZNO¹eRUO�WQO�4q7FI5¹eRxY-I5¼u�(ISK52 »XR�»b¹u4O»�¸o¼o¹J»TW^¼o»TO�X&K_»ML�¼o¹+NPO^»TOdR�»b¹g�ikVlX�¹J»TI54POUI_¸H¸o»TO(ò�»�¸J¼+ISY-Y{¼bZ
\JI5» c I�K½7FI_»b¹ I54�LO»TI5¼?òt»�¸o¼o»�K�¼1R^ºT¹ ISO[s�»TISO�»TOXY�RNO4PKSI_IHKa¸o¼1WUO�¼o»b¹J4O¹ WUOUR^2 ¹J»TI_»TO\jºT¼o»TO^¸HºT¼o9f9TWc»b¹�K^º�K5¼o»TO�sZNBKUO^»�x�NPO�R�»b¹u:�»b¹eI5`^9TI5»b¹ WQO�4$R�»�¸uX&K_»ML�¼o¹+NPO�V i<KSW^¸o¼o»b¹�¸�RUW�¹HI�KD»TISO�»qº�W�2yI_KUO9b»TI_4O»TOUR�» c aQW�¹N�F»Mò^¹�º�W^IHKh9TW$YmºOI�K�»TO�Z�\JI5»�¸�»b¹J¹J»TI_I�K½¼.Y;º�O�sPISOUR�»TYnYmº�O$ISOfR�»b¹ c ¼Jº�OQR^ºT¹ R^¸o»TK_»ML�¼+IVNPO<>¸ I5»�K�»��Fò ¸JIHKUOQI5¼o¼m?�Z��BAfNBKUO�» c a�W�¹+L�¹ I5¼o»b¹ ISWQY RUI5» c I�KUOUI5¼o¼o»�º�W�2JKVNPO�4PI5¼+WQRUISO^º�K5»mWUOUR.¼o¹Hº�O^¸JxO»b¹H¸Jº�K5»1�Y$aQWQK_¸o»b¹HK^º�K_¼+WUO�4QxO»b¹H¸JI�K RºT¹J2 ¼Q< �½� � � �/��� �I�b�°�F»b:ds<����� � �[¡ � ��J � ¡ � � �3�b��hBA�WUOQRÎLO»TISOX�¹J»TI54POUI�¸
ºbL�9b»Ma^¼+I5»b¹J¼bsPRaºO¸¢»TISO�»b¹yR�»b¹¢¼_N�a�NPKVNO4PI_¸JI�K�»TOhXN¹J»TI54POQI_¸�Vl6XK_ºO¸H¸+I5`^9TI5»b¹eWUO�4B¸�Vl�(K54�NO¹ I5¼JKQYP»TOP<>¸+I5»�K�»�!òa¸JI�KUOUI5¼o¼F��Z�?�Z=<BAwº�K�¸w�(O½¼o»b¹J4O¹eWUOURZLTº�OURUISRaºT¼EISR�»TO�¼+I5`^9TI5»b¹J¼bZ��(Y R�»TO��!O�¼o»TISK�º�O�Y-I_�PISR�»TO�¼+I5`^9TI5»b¹J¼o»TOX[K5»ML�¼o¹+NPO�»TOd9TW$Y-ISOUI]Y-I5»b¹J»TO�s�7FI5¹ R{9TWUO RºOI�K^¸o¼�9TW^¸ RºT¼o9TKSI_IHKhxO»b¹eK_º�O�4O¼bs�R^ºT��RUI_»�X[O�»b¹J4PI5»<R�»�¸¢4O»�¸o¼o¹H»TW�¼o»TO
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X[K5»ML�¼o¹+NPO^¸Y4O¹ RNO�O»b¹�º�K_¸�� �°�F»b:ÚI_¸o¼bZ=\JI5»UX&O�»b¹H4PI5»�ºbòaK Rº�O�4PI_4�LO»TI5¼�R�»b¹ c aQW^¹J»bzm9TI5»TO�9�7FI5¹ R�¸_a RºT¼o»b¹4O»�¸+NPOUR�»b¹J¼Eòt»b¼o¹HºOI�K½¼o»b¼bZ
�FòUò�ISKSRUWUO^4���Z��TºU9b»TI54O¼3RUI5»LXNzm9TI_»TO�9Os¢»TISO�»Y\jeun@�uV c aQW�¹f9TW	»TISO�»TY X&K_»ML�¼o¹+NPO~9TW.`QOUR�»TO�s�º�K_¸¶QWUOZL�¼+IVNPOcx�NPOU� �vZu\JI5»{\jeug@:wV c aQW�¹J»bzm9TI_»TO�9fº�W�2�XN¹H»TI54POUI_¸J¸J»TO�sQISOdR^»TO�»TOdLO»TISO^»{\jeunw�wV c aQW^¹w4O»WV2÷WUOUR^»TO�7FI_¹ R�s�I_¸o¼�ISOQ�FòQòQISKSRUWQO�4Y��Z���ò|9TWy¸o»�K^»TO�Z{p »TISR�»PX�zm9TI5»TO�9b»TOoY RW^¸H¸o»TOoISOoR�»b¹ c ISYfWUK_ºT¼+IVNPO[s

RQI5»mx�NPO.»TISO�»b¹d9TW	KUNBK�»TO	X�zm9TI5»TO�9mR�»�¸ c aQW�¹ LSº�Y-Ym»b¹H¸oµ]¸o¼o»TYm¸qº�W^¸J4O»�K½¼bs�º�O^4O»MaaºT�O¼h7k»b¹ R^»TO�Z�\JI5»X�zm9TI5»TO�9JR�»b¹ c aQW^¹J`QOURUWQO�4�º�K_¸�6�NPYAò�ISO^ºT¼+IVNPOYx�NPO�\jeunw�wV.WUOURL\Fewgw:@V c aQW�¹H»TO�KSI_»b4O¼ RWZòt»b¹ »TISO�»TO7 »TI5¼o»TOYpk»b¹H»TI_IHK�ISOm� �.òt»TIa�O��� WQOURP2 Rº�KSK5¼.ISOh:yNO¹J7 RºT¹J¼J¸o¹ I_I�K½¼+WQO�4pY-I_¼NºbòQO�»�KUYP»TOQR�»b¹N�FL�9b»Ma^¼Jº�O�9(R�»b¹
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kt»TO½¼o¹Hº�K_»TO c aQW�¹+LTº�Y-YP»b¹ O�º�W�2N»b¼l7�º��O����ºbò$<>¸+I5»�K^»d�!òUò[Z���Z��TIvA�Zf�(K_¸j¶UWUOZL�¼+IVNPO�x�NPO
� � 2oRº�KSK5¼JRUI5»X�zm9TI5»TO�9f9b7FI_¸JI�K�»TO�h�h t WQOUR�� < t R^¹Hº�YmºT¼+I_¸JI�Kcºbò°<>¸+I5»�K�»f�!òUò[Z���Z��bR A�Z8\(I_»�¸!I_¸J¼uº�W�2¢»TISO�»TOc4O»b¹eI_¸J¸o»WV
O^»TO�\@¹�ºOK½¼EISO¸R�»b¹ Rº�W^�O»b¹J»TOc\F¹ I52 ¼_LSº�Y\YP»b¹wi���i�h{9TW�¹ RW^I+L�9TW�2 RW^K�¹J»TO�s�R�»b¹8»TISO c aQW�¹+LTº�Y-YP»b¹H¸J»b4PYP»TO½¼
WQO�ò^¹�º�W^IHK�òaºT¹3YmºOIHK�¼bZyXN¹J»TI54POQI_¸J¸o»OsyR�»b¹J»TO	4O»�¸o¼o¹J»TW^¼o»�¸PX&K5»ML�¼o¹+NPO×ISO RQI5»�¸o»TY�E®ISOULO»TKVòt»b¹J»TI_IHK KSI5»b4O¼bs7 »b¹ R�»TO�ISOxR�»b¹8»TOUR�4 RWQK5¼+I54O»TO c »TK5»ML�¼+IVNPO�xO»b¹H7[NO¹J2 »TO�Z�!W^I�K�òt»TI1R^»TO�OUI5»TR^¹ I54B¸o¼o»TOcX[K5»ML�¼o¹+NPO�»TO�»b¹J4PI_»TO�RUI5»�¸J»b¹@�(O^º�K5µ]¸o»qx�NPOQ?Y�F»b: KaºT¼!R^ºO¸@X&K5»ML�¼o¹+NPO»TI]O�»TO{¸+N@4O¹+NO�O»TOhe
¹Hº�O^¸oxO»b¹�¸Jº�KSISY$a�WUK_¸bs�RaºT�j¸J»TISO�»k¶HKSW^4�òaºOKUOAI]Of4PW�¼o»b¹�g RºOK�»b¹ WUO^4!RUW�¹�IHK{»TISO�»��j»b¹Hº�R�»
òt»�¸JI�K�¹ I5»Mòt»TO{7FI5¹ R[Z�C�º�Oh»b¹J7 ºT¹H¼o»b¼&R^ºOK�»b¹yLO»TISO^»��!òaK Rº�O^4PI54�LO»TI5¼yR�»b¹ c aQW^¹J`QOURUWQO�4B¸o»bzm9TI5»TO^9Nx�NPO$R�»b¹X[O�»b¹J4PI5»pR�»�¸w4O»�¸J¼o¹J»TW�¼o»TOQX&K5»ML�¼o¹+NPO^¸�Zw¶ RW�¹@¸+I]YpWUK]I5»b¹J¼o»qXN¹H»TI54POUI_¸J¸J»Os�ISO R�»TO�»TO�¸ I_IHK�»b¹H4O»�¸o¼o»TKSK5¼@7FW�¹ R�»Os
RaºT�AR^ºO¸N4O»�¸J¼o¹J»TW�¼o»@X[K5»ML�¼o¹+NPO-L�NO¹J¹H»ML�¼�ISR�»TO�¼+I5`^9TI5»b¹J¼¢7FW^¹ R�»OsB¼o¹ I r ¼.RUI_»�¸o»wXN¹H7 ºT¹J¼+WQO�4�9TW�Z��FòQòQISKSRUWQO�4��Z��S»�A89b»TI54O¼bsQR^ºT��RUI5»�XNzm9TI_»TO�9Os�»TISO�»q\jeun@�uV c a�W�¹89TW�`QOUR^»TO�s]2 RW�¹uº�K]K5»qX&O�»b¹H4PI5»TO¸L�NPO^¸o¼Jº�O�¼Fòt»TIt»b¼�V7�º{�O��� KSI5»b4O¼bZ�¶ RW�¹ X&K5»ML�¼o¹+NPO�»TO�»b¹H4PI5»TOP4O¹ RNO�O»b¹8º�K_¸@�O�F�F»b: xO»b¹eI5`^9TI5»b¹J»TOm9TW^¸ RºT¼o9TKSI_I�K;\jeug@:wV c aQW�¹J»TO
RaºO¸�X&K_»ML�¼o¹+NPO[s½7�N�RUW^¹HIHKY¸+I_IHK�RUI5» c aQW�¹J»bzm9TI_»TO�9Os�WUO^ºbò K Rº�O�4PI54�x�NPOmR�»b¹kX[O�»b¹J4PI5»Os�º�W�2?O^ºOK�»b9TWU�M��� �»b¹�K RNBK½¼bZkpk»TI
X&O�»b¹H4PI5»TO¸L�K_»TISO�»b¹q�O�{�F»b:·¸+NPKSK?R^ºO¸u£
º�RUWUO�4B¸ox�NO¹H9b»TI_IHK�»TO R�»b¹ c a�W�¹89TW�¹w�(O½¼o»b¹H4O¹ WUOUR]V¹H»TRUWZL�¼+IVNPOYº�Wa¸o4O»TO�W^¼o9b¼87k»b¹ R^»TO�s]7k»�¸JKaº�KVòmRQI5»F\jeug@:@V c aQW�¹�OUI_I�K½¼ xO»b¹J7 »TOUR�»b¼87 »b¹ R�»TOmLTº�OUOy<>¸+I5»�K�»�!òa¸JI�KUOUI5¼o¼u��Z MOA�Zpk»TI�X&O�»b¹J4PI_»TOvL�K_»TISO�»b¹m� ���F»b:DOUI]Y-Yf¼j2 RW�¹f�(O½¼o»b¹H4O¹ WUOUR]V87FI_»mº�W^IHK~2 RW�¹ c I54PO^º�K5»b¹J»TI_4POUI_¸J¸o»3RUI5»E|ºOK^¹H¸JIHK^»TISOUKSI_I�KZLO»TI5¼d9TW�s&R^ºT�Q»TISO²e
»TISK_I�K�»TOóR�»�¸PK^º�R�¹+NPOQI_¸JIHK^»TO	X[OUR�9TW^¸o¼Jº�OQR^¸{º�K�¸PX&K5»ML�¼o¹+NPOóY-I5�TV
I]R�»TO½¼+I_`^9TI5»b¹J¼�7FI_¹ R�Z��dRº�W^`^4 I_¸J¼ARUI5»�¸f»TISO O�»TW^¼o¹Hº�K5»�¸deÀ»TISK�IHK�»TO�s�9OZ p·»TI]O
���SsyR�»�¸J¸o»TO òt»TISR�»�k�»b¹J2>º�KSK�V¸+aaKZNO¼_NPO�»TO�º�K_¸;»TI]O »TK5»ML�¼o¹+NPYmºT4PO�»b¼+I�¸JIHK�»b¹�i<K]W^¸o¼o»b¹\ISY £À�@¹Ái O^ºOIHK�4O»b7!I5»�¸o»TO�7k»b¹ R^»TO WUOUR LO»TISO�»
c aQW�¹J»TO�ISO\R�»TO c a�W�¹+LTº�Y-YP»b¹ OmKQISO½¼o»b¹eK_ºO¸J¸o»TO�Z¢p »TI�OUI5»TR�¹ I_4O»TO;X&O^»b¹J4PI5»TO�L RNPOUO^»TO�O�»TW^¼o¹Hº�K5»jeÀ»TISK�IHK�»TO
OQI_IHK�¼FYP»�K�¹Fx�NPKSK_¸J¼ Rº�OURUI54mº�W^¸(R�»b¹��F»�¸Jº�Y{¼o9�ºOKUK¢º�KSK5»b¹ji�KSW^¸o¼o»b¹u»TK]ISY-ISOUI_»b¹J¼�7k»b¹ R^»TO�Zu\jºO¸w:�»b¹HK Rº�K5¼+OUI_¸
R^»b¹ki<KSW^¸o¼o»b¹.Y\I5¼�9TW�4O»MNO¹ RUO^»b¼o»b¹ c aQW^¹�9TW^¹ �F»�¸Jº�Y{¼o9�ºOKUKQR^»b¹ i<KSW^¸J¼o»b¹.OUISY-Y{¼�ºbò[s�¸_NXRaºT�ARUI5» c aQW^¹J»b2�V`a9TI5»TO�9;¸JI�K�»TISO�òaºT¹fx�NPO×R�»b¹dX&O�»b¹J4PI_»;ºbòaK Rº�O�4O¼bZc\JI5»L6�NPYpòQISO^ºT¼+IVNPO|x�NPO	¸+I]YpWUK]I5»b¹J¼o»TO c I54POaº�K�VFWUOUR�(O�¼o»b¹J4O¹ WUOUR^»b¹J»TI54POUI_¸H¸o»TO.¹J»Ma^¹+N�RUW�9TI5»b¹H¼ �o»TRZN]IHK�¸o»�K�¹m4PW�¼�RUI5»�¸o»c¸JI�K�»TISO�òaºT¹J»cX[O�»b¹J4PI5»�ºbòaK Rº�O�4PI54�LO»TI5¼
R^»b¹ c aQW�¹H`QOURUWUO^4B¸o»bzm9TI5»TO�9!ISOxR�»TOc\jºT¼o»TO	<>�!òUò[Z���Z��S2�A�Z
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�(W^¸o4O»�K^»TOURyx�NPY�:�»b¹J¼o»Wr�syR�»TY q ¹J¼bs
º�O R�»TYGRQI5»PEy»�IHK^¸J»TK57FI5¹+L�WUO�4c¸J¼JºT¼o¼o4O»b2�WUOQR�»TO~K^ºT¼bs�7 »b¹ R�»TO
RQI5»DE®ISOULO»TKER�»�¸P4O»�¸o¼o¹H»TW�¼o»TO$X[K5»ML�¼o¹ NPO^¸h4O»TYP»�¸J¸o»TO[Z$\jºOK�»b¹\òt»TO RNO¼+I54O¼-Y;º�O°9TW�¹mnu»ML�NPOa¸o¼o¹ WZL�¼+IVNPO
R^»b¹qXN¹J»TI54POQI_¸_L�ISO�»TYmºT¼+IVL�»TI]O�»-Y RNO4PKSI_I�K^¸o¼j4O»TO^º�W�»Y6�»TOUO�¼+OUI_¸JR�»�¸�:�»b¹J¼o»WrtZmX�¸AI_¸o¼j7FI_I�K½¼+I54�ssR^ºT��RUI5»
�OV :�»b¹J¼o»TISKSWUO^4 R�»�¸L:�»b¹J¼o»Wr^RQW�¹HIHK®RUI5» c ISYfWUK_ºT¼+IVNPO 4PW�¼�òt»�¸JI�K�¹ I5»Mòt»TO°7!I5¹ R�s�R^º.¸+I_I�K^RUI_»�¸o» RUW^¹HIHK\F»b¼o»ML�¼_NO¹oV[WUOQRLe
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���10�� � = % �3C�:�:�0$%32 5$#&/)( #./�'�#+*B�m@F:�)�'�) @!%
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RUN�I�K®I]OUO�»b¹HK^º�KSò »TISO�»b¹�esNPK5»b¹Hº�O�9Ux�NPO�»TISOUI54O»TO k�»TO�¼+ISYP»b¼o»b¹ O/x�NPO�£
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I�K�¹f»TO�¼JK^º�K5¼o»TO�»TO°\jºT¼o»TO�¹eWUO^¸bZy�(W^¸d»TISO�»b¹h�!OZa ºO¸J¸+WUO�4�x�NPO$�jº�W���L�W�¹JxO»TO²º�OÎRUI5» �TV :�»b¹J¼o»TISK]WUO�4O»TO
�o»TR�»b¹w6AK_ºO¸J¸o»j»b¹HK Rº�K_¼EYmº�OdR�»b¹J»TO�C�I5¼o¼o»TK_7k»b¹J¼o»pWUOURDp ¹J»TI5¼o»TO~<>�!òUò[Za��Z�?�ò�A�Z \JI5»q¸+ISYfWUKSI5»b¹H¼o»TOLX�¹J»TI54TV
OQI_¸J¸o»q7 »b¹ R�»TO¬O�WUOc»TO�¼J¸_a^¹J»�I�K�»TOUR¬R�»TY�:�»b¹HKÀRº�K5¼+OUI�¸FR�»b¹jº�W�2u�AOUNO¹ Y-I5»b¹J¼o»TOQ�jº�W��OxO»b¹J¼o»TI]KSWUO�4O»TO¬R�»b¹
�OV :�»b¹J¼o»Wr�L�K_ºO¸J¸J»�WUOURÎR�»b¹P4O»TO^»b¹ I5»b¹J¼o»TO �OV :�»b¹J¼o»Wr�xO»b¹H¼o»TISKSWUO�4 WUYP4O»b7FI_I�K½¼o»b¼bs�7�N�òt»TI�RUI5»�� Rº�W^`^4�LO»TI5¼
Y\I5¼�R�»b¹XRUI5»P¿¢ºT¹Hº�YP»b¼o»b¹d»TISO�»b¹q6XK�ºO¸J¸o»hxO»b¹J7 »TOUR�»b¼q7 »b¹ R�»TO�s1R^»TY £
WUY\ISOZNB¸+I5¼ RºT¼J¸Hº�O½¼o»TISKHR�»b¹q6AK_ºO¸J¸o»»TO�¼J¸_a^¹eI_IHK�¼bZ�g@ºOI�KxR�»b¹k�(YP4O»b7FI_I�K½¼+WQO�4pòt»�¸JI�K�¹J»TIVòa¼&RUI5» c ISYpWQK_ºT¼+IVNPOm¸_N�7[NBKQK�RUI_»w¶ZNO¹ Y�º�K_¸kº�W^IHK¸RUI5»ºbò ¸_NPKSW�¼o»qg!NO¹ Y-I5»b¹eWUO�4$R�»b¹��TV :�»b¹H¼o»Wr�xO»b¹J¼o»TI]KSWUO�4�<>�!òUò[Za��Z�?\WUO�¼o»TO�¹J»�IHK�¼J¸�A�Z
���10��10 	²#.:Q'�) 5Ú5 0$%3240$% 5 = % �3C�:�:�0$%32 5$#&/)( #./�'�#+*p# 3Ú,.) #&%3,
1�O R^»b¹Lnw»b4O»TKFLTº�OUO/º�W^¸�R^»TO c aQW^¹J»TO`R�»b¹L9b»TO½¼o¹�º�K5»TO�\@¹eI52 ¼_LTº�Y-YP»b¹eO R�»b¹LXN¹J»TI54POQI_¸�V :�»b¹J¼o»WrtsER�»b¹¸+NO4O»TO^º�OUO�¼o»{9b»TO�¼o¹Hº�K5»d:�»b¹J¼o»Wrts�¹J»ML�NPO^¸o¼o¹ WQI5»b¹J¼u7 »b¹ R�»TO�Z@pk»TI�XN¹H»TI54POUI_¸J¸J»TOdY-I5¼@4O»b¹ ISO�4O»b¹ c aQW�¹eYpWUK_¼+I�V
a�KSI59TI5¼ RºT¼(ISY k�»TO½¼o¹�º�KVòt»b¹J»TI_IHKc}�RUI5»�¸JI_¸o¼F2 RW�¹�gjikVlX�¹J»TI54POUI�¸J¸o»Aòt»TI¨L�K5»TISO�»TY �	< � 4O¹+NO�O»�¸�
�A!R�»b¹�¶^º�KSK}oI_¸o¼fº�O�9TWQO�»�KUYP»TO�s¨R^ºT��RUI_»;XNzm9TI_»TO�9m»TISO�»TO|9b»TO½¼o¹Hº�K_»TO|:�»b¹J¼o»Wr~9TW~`QOUR�»TO[sÀºbòQOUISY\Yf¼bZD�!Wa¸XR�»TO
c aQW�¹ ISO^2ìNO¹ Y;ºT¼+IVNPO�»TO�R^»b¹q:yNO¹J7{RºT¹J¼J¸H¸_aQW�¹+LTº�Y-YP»b¹eO LTº�OUO|ºbòt»b¹�»TISO~¸_NO4O»TO^º�OUO�¼o»b¹f:yNO¹J7dRºT¹J¼J¸�V :�»b¹J¼o»Wr¹H»ML�NPO^¸o¼o¹ WUI_»b¹J¼u7 »b¹ R�»TO�Zw\JI5»dXNzm9TI_»TO�9pR�»b¹F6�NPYpòQISO^ºT¼+IVNPO�x�NPO�9b»TO�¼o¹Hº�K5»TOoWUOQR�:yNO¹J7 RºT¹J¼J¸H¸_aQW�¹+LTº�YhV
Ym»b¹ O�¸_NPKSK5¼o»XWQO^ºbòaK Rº�O�4PI_4dx�NPO R�»b¹w6XI]O�»TYmºT¼+IVLmR�»�¸uXN¹H»TI54POUI_¸J¸J»�¸ ¸J»TISO�Z\(I_»�XNzm9TI_»TO�9�2 RW^¹-RUI5»�nu»ML�NPO^¸J¼o¹ WZL�¼+IVNPO°»TISO�»�¸m9b»TO½¼o¹Hº�K_»TO :�»b¹J¼o»Wr WUOQR	2 RW�¹\RQI5»�6�NPYAò�ISO^ºT¼+IVNPOx�NPO/9b»TO�¼o¹Hº�K5»TY WUOUR$:yNO¹J7{RºT¹J¼J¸oV :�»b¹J¼o»Wr®LTº�OUO/º�W^¸¸R�»TO/gjikVlX�¹J»TI54POUI�¸J¸o»TO`RUI_»�¸o»b¹L�(O^º�K5µ]¸o»�»b¹ Y-I5¼�V¼o»TK_¼o»{7 »b¹ R�»TO�s�RUI5»ARQW�¹HIHK RUI5»AI]Y �!òa¸JIHKQOUI5¼o¼F?�Z��\òt»�¸JIHK^¹ I5»Mòt»TO�» c »TK5»ML�¼+IVNPO�NBKUO�» c a�»b9TI_`ULSºT¼+ISNPOdR�»�¸:�»b¹H¼o»Wr�Vlekµ�a ¸�º�W^¸o4O»b7 RºOKUK5¼¢7k»b¹eR�»TO�Z¢\FºAISOhXN¹J»TI54POQI_¸J¸o»TO�sT2 RW�¹.RUI5»<LO»TISOh:�»b¹H¼o»Wrh¹H»ML�NPO^¸o¼o¹ WUI_»b¹J¼¢7FW�¹ R�»Os
R^»b¹fOZNPY\ISO�»TKSK5»PEy»�I�K^¸o»TK57!I5¹+L�WUO�4B¸_aQWQOZL�¼{º�K_¸f:�»b¹H¼o»Wr�< �
�����y� �½A{º�O�4O»TOZNPY-YP»TO	7FI5¹eR�ssLTº�OUO×Ymº�O
R^»TO c I�KUOUI5¼o¼hº�W�2ERUI_» �TVl¿¨NB¸+I_¼+IVNPOóR�»�¸f:�»b¹H¼o»Wr <�� ���������
� <O�UIMYYAAòt»TIVòt»�K^º�K5¼o»TO[Z��!Y4NBKUO^» c at»b9TI�V`QLSºT¼+IVNPO×R�»�¸{:�»b¹J¼o»Wr�Vle�µ�aa¸h»TISO�»TO Y�RNO4PKSI_I�K^¸o¼fWUO½¼o»b¹H4O¹ WUOUR�2 ¹J»TI5»TO~\FºT¼o»TOa¸JºT¼o9�9TW~»b¹�K^º�K5¼o»TO�s¢7 »b¹ R�»TO
RQI5» c IHKUOQI5¼o¼o»Pº�W�2�KSNPO�4PI5¼+WURUI]O^º�K5»pWQOURU¼o¹Hº�O^¸oxO»b¹H¸Hº�K5»P1�Y-aQWUK_¸o»b¹�K^º�K5¼+WUO�4Q< ��h � � �²��� � �����F»b:ds
��� �O��� �À¡ � ��J � ¡ � � �#�b��hBA xO»b¹H¸JI�KÀRºT¹J2 ¼bZ��!W^�O»b¹ R�»TY�7 »b¹ R�»TO�º�KSK_»jX�¹J»TI54POUI�¸kxO»b¹H7[NO¹J2 »TO�sQRQI5»j»TISO�»b¹�R�»b¹¼_N�a�NPKVNO4PI�¸JIHK�»TO;XN¹J»TI54POQI_¸�Vl6XK_ºO¸H¸+I5`^9TI5»b¹eWUO�4B¸�Vl�(K54�NO¹ I5¼JKQYP»TO;<>�!òa¸JIHKQOUI5¼o¼k��Z�?�Z=<BA�º�K_¸N�(O½¼o»b¹H4O¹ WUOURZLTº�OURUI5V
RaºT¼EISR�»TO�¼+I5`^9TI5»b¹J¼bZ�FòUò�ISKSRUWUO^4���Z Mq9b»TI54O¼�RUI5»wX�zm9TI5»TO�9Os�»TISO�»TOP9b»TO�¼o¹Hº�K5»TOL:�»b¹J¼o»WrY9TW;¹J»ML�NPOa¸o¼o¹ WUI5»b¹H»TO�s½º�K_¸ ¶UWUOZL�¼+IVNPO
R^»b¹�1�O�»TK�ºO¸o¼+I59TI5¼ RºT¼ ��Z R�Fòt»b¹�»TISO�»TOQ7 »TI5¼o»TO|p »b¹J»TI�IHK8KSI_»b4O¼JRQI5»PXNzm9TI5»TO^9$ò�»TI��M��� �LZYpk»TI.L�K5»TI]O�»TY��
I�¸o¼bs]7FI5»F»b¹J7 ºT¹H¼o»b¼bs�»TISO�»TOL:�»b¹J¹ ISO^4O»b¹ WUO�43R�»b¹uXNz;9TI5»TO�9F9TW¸ò�»MN�ò ºOIHK�¼o»TO�Z�\JI5»�¸o»j:�»b¹J¹ I]O�4O»b¹ WUO�43I_¸o¼<ISO
R^»TO�\FºT¼o»TOUº�W^¸o4O»Maa¹ RºT4O¼o»b¹@º�K_¸FISOxR�»b¹ c I]YpWUK�ºT¼+IVNPO�Zpk»TIwXN¹J»TI54POQI_¸J¸o»TOóY-I5¼$L�K5»TISO^»TY � < ��4O¹+NO�O»�¸�
tAfI�¸o¼-R�»b¹mK^º�R�¹ NPOUI_¸JI�K�»�X&OUR�9TWa¸o¼Jº�OUR°¸o¼JºT¹+LóISO:yNO¹H7 RºT¹J¼J¸o¹ I�IHK�¼+WUO�4�4O»Mò�N�NB¸o¼o»b¼bs�¸_NoR^ºT� RUI_»;nu»ML�NPO^¸J¼o¹ WZL�¼+IVNPO R�»�¸f9b»TO½¼o¹�º�K5»TO.:�»b¹J¼o»Wr	K Rº�W�`a4�º�KSK5»TISOº�W^2(R�»b¹ c aQW�¹$R�»�¸P4O»�¸o¼o¹H»TW�¼o»TO$X[K5»ML�¼o¹ NPO^¸3òaºO¸+I5»b¹H¼bZ \(I_» c ISYfWUK_ºT¼+IVNPO RWZòt»b¹H¸JI�K RºT¼o9b¼\RUI5»�X�zm9TI5»TO�9Os2 RW�¹FRaºO¸wX&K_»ML�¼o¹+NPO�»TISO�»AR^»TY-:�»b¹J¼o»Wr�9TW^4O»MNO¹ RUO�»b¼o» c aQW�¹f<>\jeun@�jAu9TWc`�OUR�»TO�Zk1�O��Fòa¸HIHKUOUI_¼o¼@��Z_�TZ=<7!W�¹ R�»�RUI5» c a�W�¹J»bzm9TI5»TO^9(R�»�¸ c ISYfWUK_ºT¼+IVNPO¸R^º�RUW^¹HIHKcº�O^4O»MaaºT�O¼bs�R^ºT�P2ÁRW�¹8»TISO^»TOceÀ»TI]K?R�»b¹uXN¹J»TI_4POUI_¸J¸o»
RQI5» c aQW�¹eISO�2�NO¹ YmºT¼+IVNPO×R�»b¹Y\jeun@�uV c aQW�¹P4O»TK RNB¸JI�K½¼¸WUOURÎRQW�¹HIHK 1�O�2�NO¹ YmºT¼+ISNPO�»TO`R�»b¹;\jeug@:@V c aQW�¹»b¹�¸o»b¼o9b¼¢7k»b¹ R^»TO�Z�X[O½¼JK Rº�K5¼¨RaºO¸�XN¹J»TI54POQI_¸
O�»Mòt»TOfR�»b¹ c aQW�¹HR�»�¸�4O»�¸o¼o¹J»TW^¼o»TOPX&K5»ML�¼o¹+NPO^¸sLO»TISO�»�7 »TI5¼o»b¹J»TO
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Daten
MC: Signal
MC: Signal+γpb)
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\JI5»@X&O�»b¹J4PI_»<R^»�¸ i<KSWa¸o¼o»b¹H¸HISY·£
�w¹Ái LTº�OUOmKQI5»b¹+òt»TI�ò�»TK]I5»MòQI54(L�K_»TISO�»�Ey»b¹J¼o»@º�OQO�»�KUYP»TO�Z

k�I5»TK&R^»b¹ c »TK_»ML�¼+IVNPO~x�NPO`gjX�\@V i�NPY$aa¼_NPO]VlXN¹J»TI_4POUI_¸J¸o»TO|2 RW�¹fR�»TO.eÀ»�¸o¼3R�»b¹h6qº�KSIVòa¹HºT¼+IVNPO8I_¸J¼q»�¸bs»TI]O�»TOóY�RNO4PKSI_I�K^¸o¼$WUO�¼o»b¹J4O¹ WUOUR^2 ¹J»TI_»TO~\jºT¼o»TO^¸JºT¼o9c9TW²»b¹�K^º�K5¼o»TO�Z c IHKUOUI_¼o¼o»Dº�W^2j�F¹�RNO�O»TO[s[ISOóRUI5»¸RUI5»
LTº�KVNO¹ I]YP»b¼o¹ I_¸JI�Km4O»TYP»�¸H¸o»TO�»TOLX&O�»b¹J4PI_»TO�R�»b¹8i<KSW^¸J¼o»b¹[RUI5¹H»ML�¼k»TISO�4O»�K�»TO�s�¸+ISOUR;¸_Nv7 »TI5¼�7FI5»FY RNO4PKSI_IHKY9TWxO»b¹eYP»TISR�»TO�Z
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\JI5» c »TK5»ML�¼+ISNPO^¸_L�¹ I5¼o»b¹ I5»TOL2 RW�¹�òt»TISR�»�\jºT¼o»TO^¸ RºT¼o9b»h¸+ISOUR1u
� � � � � h�ukXk¸u7 »b¹ R�»TO�4O»TO^º�Wc9b7 »TIÀ»TK_»ML�¼o¹+NPY;ºT4PO�»b¼+I_¸JI�K�»hi<K]W^¸o¼o»b¹FISY \@»b¼o»ML�¼_NO¹�O^ºOIHK^4O»b7FI5»WV¸o»TO[Z
� � 8 � � � ������u¢�(W��O»b¹.R�»TO3òt»TISR^»TO{»TK_»ML�¼o¹+NPY;ºT4PO�»b¼+I_¸JI�K�»TOYi<KSWa¸o¼o»b¹ OfR�»�¸�X&K5»ML�¼o¹+NPO$WUOQRd¿kKZNO¼_NPO7FI_¹ R°7 »TR�»b¹xISY £
�w¹WilOZN]IHK®ISY c aaº½i�º�K@9TW^¸ RºT¼o9TK]I_IHK/X&O�»b¹H4PI5»¬R^»Ma�NPOQI5»b¹J¼bZ#\JW�¹HI�KwRUI5»�¸o»�¸6�¹eI5¼o»b¹ ISWUY 7 »b¹ R�»TOdO�W�¹u»TK_ºO¸J¼+I_¸JIHK^»qXN¹J»TI54POQI_¸J¸o»�º�W^¸o4O»b7 RºOKUK5¼bZ
� � ������� � � <O�PIMYduNX�¸87FI_¹ RL»TISOD9b»TO½¼o¹�º�K5»b¹w:�»b¹J¼o»WrdISOQO�»b¹HK^º�KVòLx�NPO�<O�mIMYlWUYDR�»TOdOUNPY-ISO�»TKSK_»TOEy»�I�K^¸o»TK57FI_¹+L�WQO�4B¸_aQWUOUL�¼ ¹J»ML�NPO^¸o¼o¹eWUI5»b¹J¼bZ
� !��(��7�� 7�� �M�¸O^¸�uw\F»b¹�XN¹J»TI54POQI_¸o9b»TI5¼_aQWQOZL�¼EK]I5»b4O¼!ISOQO�»b¹HK^º�KVò�»TISO�»�¸�k�»TI5¼+ISO�¼o»b¹JxTº�KSK_¸ux�NPO²�M�¸O^¸

WUYDR^»TOdOZNPY-ISO^»TKSK5»TOYEy»�IHK^¸o»TK_7FI5¹+L�WUO�4B¸o9b»TI_¼_aQWUOZL�¼bZ
� ! �	� � ������� ������� �b�Pt��#����t�uq\JI5»Di<KSW^¸o¼o»b¹XY RW^¸J¸o»TOQ7 »b4O»TO R�»b¹qX�¹HK^º�K5¼+WQO�4xR�»�¸qe
¹Hº�O^¸�VxO»b¹H¸Hº�KSISY$aQWQK_¸o»�¸�ISY-�@9TISYpW^¼JK½7FI]OZLO»TK�»TISO^º�OUR�»b¹84O»b4O»TO RWZòt»b¹ KSI5»b4O»TO�Z
� �½�;�j»b: � � �|� � �#?O�;�F»b:fuaEy»b4O»TO R�»b¹wX�¹HK^º�K5¼+WUO^43R^»�¸EKVNPO�4PI5¼+WQRUISO^º�K5»TOY1�Y$aQWUK_¸J»�¸�YfW��
� �|�
�AO^ºOK�»�òt»TISY OZNPY-ISO^»TKSK5»TOLEy»b¹J¼wx�NPO h � ���(KSI5»b4O»TO

� � �# $'& � � ��u�1�O�R�»TO�9b»TO½¼o¹Hº�K_»TO WUOQRc:yNO¹J7{RºT¹H¼J¸J¸_aQW�¹ LSº�Y-Ym»b¹ O�7 »b¹ R�»TOdLO»TI]O�» c a�W�¹J»TO�4O»b2÷WUO]V
R�»TO[s
RUI5»$OUI_I�K½¼XR^»TOvòt»TISR�»TO¬LSº�KSNO¹ ISYP»b¼o¹ I�¸JIHK�»TO~i�KSW^¸o¼o»b¹ OU9TW�4O»MNO¹eRUO�»b¼q7 »b¹ R�»TO�ZPEy»b4O»TO R�»b¹
Y RNO4PK]I_IHK�»TO~6�NPO½xO»b¹�¸+IVNPO R^»�¸qKZN]IHK�»TO�»b¹H4O»b¼+I_¸JIHK^»TO	¿kKZNO¼_NPO^¸q7 »b¹ R�»TO~XN¹J»TI54POQI_¸J¸o»P9TW�4O»TK�ºO¸J¸o»TO�s
ISOxR^»TO�»TO¸òt»TISR�»TO�i<KSWa¸o¼o»b¹ OL»TISO�» c a�W�¹�9TW�4O»MNO¹ RUO�»b¼!I_¸o¼bZ

� ���
	���
�� - � � ��� ���
�
� �	� ��� � �`���ÿ�B��uke
»�¸o¼FR^»b¹(gjX�\@V i�NPY-a^¼_NPO]Vl�@µ�a�NO¼JK�»�¸o»f2 RW�¹u£
�w¹JV c aaº½i�º�K�VlX�¹J»TI54POUI�¸J¸o»

\F»b¼Jº�ISK]KSI5»b¹J¼o»N\JI_¸_L�W^¸J¸ IVNPO�»TO�R�»b¹ c »TK5»ML�¼+ISNPO^¸_L�¹ I5¼o»b¹ I5»TOF2�RW�¹¨gjXk\@V i�NPY$a^¼_NPO]VlX�¹J»TI54POUI�¸J¸o»N¸+ISOQRj9TWUY#p »TI�V¸+aQI5»TK5»EISO � �O�vM�s �O� �jiÀ9TW;`QOUR�»TO[Zyk�W^¹ R�Fòt»b¹+aa¹ RW�2÷WUO�4JR�»b¹k6qº�K]IVò^¹HºT¼+IVNPOm7k»b¹ R^»TO;KUI5»b¹[O�W�¹8i<KSW^¸J¼o»b¹�º�W^¸�V4O»b7dRºOKUK5¼bs1RUI5»$ISY \F»b¼o»ML�¼_NO¹oV!WUOURQe
¹ I54O4O»b¹oVl�!L�9b»Ma^¼Jº�O�9bx�NPKSWUYm»TO8R�»b¹�gji Vl�!O^º�K_µ�¸o»$KSI_»b4O»TO <>e
ºbòt»TKSK5»?�Z_�3WUOQR�e�ºbòt»TKSK5» ��Z�?BA�Z�EwI5»$ISO¬R�»b¹jgjikVl�(O^º�K5µ]¸o»d7FI5¹ R�»TISO�»PC�I]OUR�»�¸o¼o»TO�»b¹H4PI5»fx�NPO|?��F»b: 2 RW�¹JRUI5»»TK_»ML�¼o¹+NPY;ºT4PO�»b¼+I_¸JI�K�»TODi�KSW^¸o¼o»b¹kxO»b¹ K_º�O�4O¼bZ�1�O^¸o4O»�¸Jº�Y{¼ 7k»b¹ R^»TO;Ibº]Zw���b�d£À�@¹oVl£À�@¹oVlX�¹J»TI54POUI_¸H¸o»EY-I5¼���»9b7 »TI
i<K]W^¸o¼o»b¹ OxWUOQRLIbº]Z�<b���;£
�w¹oV c aaº½i�º�K�VlX�¹J»TI54POUI_¸H¸o»!Y-I_¼8»TISO�»TY�i<K]W^¸o¼o»b¹EISY�£
�w¹Ái ¸o»TK5»ML�¼+I5»b¹J¼bZ�FòUò�ISKSRUWUO^4f��Z_� �d9b»TI54O¼�RUI5»j¿sNPK�ºT¹J7FISOZLO»TK_xO»b¹J¼o»TISKSWUO^4O»TO;� � � �f<>�FòQò[Z^��Z_� �TºSVlIvA<WUOURLX&O�»b¹H4PI5»�¸_at»ML½V¼o¹H»TO � � � � <>�!òUò[Z���Z_� �bR]V 2�AJR^»b¹F»TK_»ML�¼o¹+NPY;ºT4PO�»b¼+I_¸JI�K�»TO~i<KSW^¸J¼o»b¹JI]Y�£
�w¹Ái#2�RW�¹Jòt»TISR�»{\jºT¼o»TO^¸�RºT¼o9b»OZ\JI5» c I]YpWUK�ºT¼+IVNPO;x�NPO¬gjX�\@V i�NPY$aa¼_NPO]VlXN¹J»TI_4POUI_¸J¸o»TOmòt»�¸JI�K�¹J»TIVò^¼<RUI5»F:�»b¹J¼o»TISK]WUO�4O»TO�¸_N�7[NBKUK?I]OL¶UNO¹ Yº�K�¸;º�W^I�K^ISO R�»b¹Lºbò ¸_NPKSW�¼o»TO�gFNO¹ Y\I5»b¹ WUO�4|º�W^2JRQI5»�£
WQY-ISOZNB¸+I_¼ RºT¼-R�»�¸ , - / Vl\jºT¼o»TO^¸JºT¼o9b»�¸bZ�\Fº	»TI�V
O^»;¸+I_I�K�»b¹J»;�(O½¼o»b¹�¸JIHK�»TI]RUWUO�4�x�NPO.X&K5»ML�¼o¹+NPO8WQOUR|¿�KUNO¼_NPO OUI_I�K½¼pY RNO4PKSI_I�K I_¸o¼bs
7FI5¹ RvI]Y £À�@¹oVl£À�@¹oV\jºT¼o»TO^¸HºT¼o9 R�»b¹Ui�KSW^¸o¼o»b¹dY-I_¼dR�»TY K RNBK�»b¹H»TO eÀ¹�º�O^¸oxO»b¹H¸Jº�K]ISY$aQWUK�¸Y� ¡ 7FISK]KVL RW^¹ KSI_I�K º�K_¸�i<K]W^¸o¼o»b¹|�
òt»b9b»TI_I�KUO�»b¼bZ.\@»b¹LC�I5¼o¼o»TK_7k»b¹J¼-R^»b¹P:�»b¹J¼o»TISKSWUO^4�x�NPO ! � J � � < � ����� � � � �	� ��� A J � � ��� ��� KSI5»b4O¼h7FI5»»b¹H7 ºT¹J¼o»b¼(O^ºOK�»Xòt»TI[g(WUKSKN<>�!òUò[Z���Z_� �S4�A�Z8Ey»b4O»TO¬R^»b¹ q ¹ RQO�WUO^43R^»b¹ji<KSWa¸o¼o»b¹EO^ºOIHKU� ¡ I_¸o¼FRQI5»�:�»b¹oV¼o»TI]KSWUO�4$R�»�¸8:�»b¹�KÀRº�K5¼+OUI_¸H¸o»�¸ ! � J � 2�RW�¹ER�»TO�9b7 »TI5¼o»TOUi�KSW^¸o¼o»b¹u¸oµ]¸o¼o»TYmºT¼+I�¸JIHK�9TWdO�»b4BºT¼+I5xO»TO�Ey»b¹J¼o»TOxO»b¹�¸JIHKZN�òt»TO�<>�!òUò[Z���Z_� �TK A�ZN\JI5»�¸o»�¸N:�»b¹�K^º�K5¼o»TOP7FI_¹ R$RUW�¹HI�K$RUI5» c I]YpWUK�ºT¼+IVNPOh¸o»�K�¹N4PW�¼�¹J»Ma^¹+N�RUW�9TI5»b¹H¼bZp »TI��Fò ¸JIHKUK]W��\RUI5»�¸J»b¹@�(O^º�K5µ]¸o»AK_ºT4Y2 RW�¹(R^ºO¸ c aaº½i�º�KsOZN�I�KdLO»TISO^»f»TOUR�4 RWQK5¼+I54O»fX[O�»b¹J4PI5»WVl6qº�K]IVò^¹HºT¼+IVNPO
WQOUR²¹J»TK_ºT¼+I5xO»c¿¨NB¸+I_¼+IVNPOUI5»b¹ WQO�4Qx�NO¹�Z�\F»TOUOZN]IHK 7FI5¹ R²»TISO^»xò�»b2 ¹ I5»TRQI54O»TOUR�» R�Fòt»b¹J»TI]O^¸o¼+ISY-YfWUO�4�x�NPO\jºT¼o»TO WUOUR c ISYfWUK_ºT¼+ISNPOY4O»b2÷WUOUR^»TO|<>�FòUòÀZ ��Z_� �bI A�Z\(I_»�gjX�\@V i�NPY$aa¼_NPO]Vl\jºT¼o»TO^¸vRºT¼o9b»mò�»�¸J¼vRºT¼+I54O»TO RUI_»3I]Oy�Fòa¸HIHKUOUI_¼o¼���Z ��Z�hc»b¹HºT¹+òt»TI5¼o»b¼o»TO|6fº�KSIVò^¹HºSV¼+ISNPO^¸o2>ºbL�¼_NO¹J»TO[Zk\JI5»qX�r]¼o¹Hºba�NPK_ºT¼+IVNPOc9TW�OUI5»TR^¹ I54O»b¹J»TODX&O^»b¹J4PI5»TOxòQI�¸u?;�F»b:>I_¸o¼u¸+NPY-I5¼FWUOUa^¹+N�òQK5»TY;ºSV¼+I�¸JIHK�Z
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LAr-SpaC: Cluster 1
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¤|¥�¤ � ©�� � �°®! ±²©�� �²´L±°¬8­�®°¯ � ���²©P® §�®°±�� ����«�´D®°±��
\JI5»jnu»ML�NPOa¸o¼o¹ WZL�¼+IVNPOmR�»b¹ X�¹J»TI54POUI�¸_L�I]O�»TYmºT¼+IVLfòt»TI^4O¹+NO�O»TO 
xòt»b¹ W^K�¼�º�W�2sR�»TOYKaº�R�¹+NPOUI_¸HIHK�»TO;:NºT¹ I_ºSV
ò�K5»TO�7!I5»P�[¡ � � � ��� � � ¸+ISO 	 � WQOUR��=� � � � � <�� �	I�NB¸ 	 � A�s
RUI_»fISOQ�!òa¸JI�KUOUI5¼o¼h�TZ�hL»TISO�4O»b2 RW^K�¹J¼7!W�¹ R�»TO�Zq\JI5» c WQY-YmºT¼+IVNPO¬ISOoRUI5»�¸o»TOQ¶ZNO¹eYP»TKSOvK Rº�W�2 ¼JISY ¿N¹ ISO^9TIVa RWZòt»b¹�º�KSK5»he
»TISK_IHK^»TO¬R^»�¸�K^º�R�¹+NTV
OQI_¸JIHK^»TO.X[OUR�9TW^¸J¼Jº�OUR^¸bZ~e�ºT¼J¸ RºOI�KUKSI_I�K ¸+WUY-Y\I5»b¹J¼3Ymº�O°º�KSK5»�X&O^»b¹J4PI5»TR�»Ma�NB¸+I5¼+ISNPO�»TO I]O.º�K]K5»TO°6qº�KVNTV¹eISYP»b¼o»b¹J9b»TKSK_»TO�s¢4O»b7FI_IHK�¼o»b¼P»TO�¼J¸_a^¹J»�I�K�»TOURóR�»TO²¿¨NPK_ºT¹J7FISOULO»TKSO�sHWUO½¼o»b¹$R�»TO^»TO.¸ I5»Lº�W^2 ¼o¹J»b¼o»TO[sN7[N�òt»TI
RQI5»c6qº�KVNO¹ I]YP»b¼o»b¹J9b»TKSK5»TO[s[RUI5»dR^»TY ISR�»TO�¼+I5`^9TI_»b¹J¼o»TO°X&K5»ML�¼o¹+NPO°9TW^4O»MNO¹ RUO�»b¼L¸+ISOUR�s�WUO�ò�»b¹ RW^I+L]¸+I_I�K½¼+I54O¼
ò�K5»TIVòt»TO�Z
������� � �DC 5$/?@!%$)+: ���3# 2ó%3#./?2()+#&5G#.:�:�0$%32 ) 5 ��=>/*	
\JI5» K^º�R�¹+NPOQI_¸JIHK^»kX&O^»b¹J4PI5»�¸_LTº�K_ºFR^»b¹¢C�N�RQWUK5»&R�»�¸¢£
�w¹Ái|7FW�¹eR�»&ISO{eÀ»�¸o¼J¸J¼o¹HºOKUKSYP»�¸H¸+WUO�4O»TOfY-I5¼�¿&IVNPO]V
c ¼o¹HºOKUK5»TOd»TISO�»b¹NX[O�»b¹J4PI5»8x�NPO <q�F»b:wòQI_¸yhb�B�{�F»b:®òt»�¸o¼+ISY-Y{¼ � ?BM�i Z�\JI5» c I54POaº�K_K RNBK�»OsOº�W^¸o4O»TK RNB¸o¼�x�NPOKaº�R�¹+NPOUI_¸HIHK�»TOPe
»TISK_I�K�»TO�s�I_¸J¼�¼lµ�aQI_¸JI�K�»b¹J7 »TI_¸o» <b� � 4O»b¹ ISO�4O»b¹ º�K_¸�2 RW�¹�X&K_»ML�¼o¹+NPO^»TO-R�»b¹N4PK5»TI�IHK�»TOmX[O�»b¹oV4PI_»���RQI5»�¸�ò�»b9b»TI�IHKUO�»b¼<Ymº�ODº�K_¸<OUI_I�K½¼�L�NPY$at»TO^¸+I_»b¹J»TOUR�Z��(K_¸k6XNPO^¸o»�G�W�»TO�9JR^ºT¹Hº�W^¸<YfW��h»TISO�»F9TW^¸ RºT¼o9WV
K]I_IHK�»@�!YP4O»b7!I_IHK�¼+WUO�4fR�»b¹kK^º�R^¹+NPOUI_¸JI�K�»TOmX[O�»b¹J4PI5»TR�»Ma�NB¸+I_¼+IVNPO�»TOhx�NO¹J4O»TOZNPY\YP»TO;7 »b¹ R�»TO � �O���ji Z�\JI5»KUNBK�»;�F¹Hº�O�WUK_ºT¹ I5¼vRºT¼JR�»�¸�£
�w¹Ái#»b¹ Y�RNO4PKSI_IHK�¼�»�¸bs[6qº�KSNO¹ ISYP»b¼o»b¹J9b»TK]K5»TOoY-I5¼jX&O�»b¹J4PI_»d»TK_»ML�¼o¹+NPY;ºT4PO�»b¼+I�V¸HIHK�»TOy�@¹H¸_a^¹eWUO�4B¸@x�NPO|¸_NPK_I�K�»TO k�»TKSK5»TOU9TWvWUO�¼o»b¹H¸JI�K�»TISR�»TO[s1ISOoR�»TO�»TOoRUI5»PX&O^»b¹J4PI5»TOoRUW�¹HI�KQK^º�R�¹+NTV
OQI_¸JIHK^»�Ey»�IHK^¸o»TK_7FI5¹+L�WUO�4-R�»Ma�NPOUI_»b¹J¼�7k»b¹ R^»TO�ZkX[K5»ML�¼o¹ NPYmºT4PO�»b¼+I_¸JI�K�» c IHK^º�W�»b¹@9b»TI_IHKQO�»TO�¸+I�IHKdRUW^¹HIHK
I�K�¹J»PKZNBK�»mX[O�»b¹J4PI5»TRUI�IHK�¼o»mº�W^¸bs
Kaº�R�¹+NPOUI_¸HIHK�»PX&O^»b¹J4PI5»-I_¸o¼ RWZòt»b¹�»TISO^»TOy4O¹ RNO�O»b¹J»TO	pk»b¹H»TI_IHK~xO»b¹J¼o»TISK5¼bZ\JI5»Y�j»b7FI_IHK�¼+WUO�4O¼o»�I�KUOUIVLQ2÷WUOZL�¼+IVNPOUI5»b¹H¼F4PW^¼q2 RW^¹qK^º�R�¹+NPOUI�¸JIHK�»mX[O�»b¹J4PI5»TOQ4O¹ RNO�O»b¹dº�K_¸;�M�U�F»b:dZÀ¶ RW�¹i�KSW^¸o¼o»b¹-OUI_»TR�¹ I54O»b¹J»b¹mX[O�»b¹J4PI5»�7 »b¹ R�»TO »TISO�2>ºOIHK�»�YfWUK5¼+ISaQKSIVLTºT¼+I5xO»�¶^ºbL�¼_NO¹J»TO�º�O^4O»b7 º�OUR^¼bs<RQI5»dR�»TY» r »ML�¼+I5xO»TO , J ��V :�»b¹HK Rº�K5¼+OUI�¸�òt»TI?RUI5»�¸o»b¹uX[O�»b¹J4PI5»�»TO�¼J¸_a^¹J»�I�K�»TO � �Thb��i Z1�Y �d�ÁVlnu»ML�NPOa¸o¼o¹ WZL�¼+IVNPO^¸_aa¹+NO4O¹Hº�Y-Y � �Th]��id7k»b¹ R^»TO 2ìNPK_4O»TOUR�» c IHK^¹ I5¼o¼o»8RUW�¹�IHK�2 RW^K�¹J¼bs(WUY RUI5»Kaº�R�¹+NPOUI_¸HIHK�»�X&O^»b¹J4PI5»�9TWxòt»�¸o¼+ISY\YP»TO?u

� 6qº�K]IVò^¹HºT¼+IVNPOwR�»b¹�ºbòa¸_NPKSW�¼o»TO ��»TK5»ML�¼o¹+NPYmºT4PO�»b¼+I�¸JIHK�»TO�� WUOUR �vK^º�R�¹+NPOUI�¸JIHK�»TO X[O�»b¹J4PI5»�¸+LSº�K_º �
Y-I_¼�6fº�KSIVò^¹HºT¼+ISNPO^¸_L�NPO^¸o¼Jº�O�¼o»TOcº�W^¸FR�»TO�eÀ»�¸J¼J¸o¼o¹HºOKUKSYm»�¸J¸+WUO�4O»TO[Z

� c I]YpWUK�ºT¼+IVNPOxR�»�¸@»TK5»ML�¼o¹ NPOUI_¸JI�K�»TO�n@º�W^¸JIHK^»TO^¸bs�RaºO¸@º�W^¸F¸_at»b9TI5»TKSK_»TO�\FºT¼o»TO^¹ WUO^¸ RWZòt»b¹(k�W�2>º�KSK_¸oV¼o¹ I_4O4O»b¹Eòt»�¸o¼+ISY-Y{¼87FI5¹ R[Z
� k�Wa¸Jº�Y-YP»TO�2>ºO¸J¸o»TO¸R�»b¹u6fº�KVNO¹ ISYP»b¼o»b¹H9b»TKSK5»TOL9TW�i<KSW^¸J¼o»b¹ O�Z�\JI5»pk�»TKSK5»TO^»b¹J4PI5»JYpW��3òt»TI?R�»b¹u\jºSV¼o»TOUOaºOKUYP» RWZòt»b¹�»TISO�»b¹ c I�K½7 »TKSK5»j4O»b4O»TOcn@º�W^¸JIHK^»TO�4O»TK5»b4O»TOcK^ºbòt»TO�sZWUY�º�W^2 4O»b9b»TI_I�KUO�»b¼87�NO¹oV

R�»TOf9TWh¸o»TISO�Z�X&K5»ML�¼o¹+NPYmºT4PO�»b¼+I�¸JIHK�» c I�K^º�W�»b¹�7k»b¹ R^»TOpYP»TI�¸o¼À9TW{»TISO�»TY i<KSW^¸J¼o»b¹À9TW^¸Jº�Y\YP»TO�4O»WV2>ºT�O¼bsBK^º�R�¹+NPOQI_¸JIHK^» c I�K^º�W�»b¹yR^ºT4O»b4O»TOP¸+ISOQR RWZòQK]I_IHK�»b¹H7k»TI_¸J»N7k»b4O»TO$I�K�¹J»b¹À4O¹ RNO�O»b¹J»TOh¹ Rº�WUY-K]I_IHK�»TO�(W^¸+R�»�KQO�WUO^4fISOxYm»�K�¹J»b¹J»{i<K]W^¸o¼o»b¹uº�W�2 4O»b¼o»TISK5¼bZ
� Ey»TI5¼o»b¹H»Y�(O½¼o»b¹ R^¹ RW^I+L�WUO�4�x�NPO.X&K_»ML�¼o¹+NPOQI_¸JIHK^»TY nwº�W^¸HIHK�»TO�sHISOUR^»TYGk�»TKSK5»TOQ»TKSI]Y-ISOUI5»b¹H¼@7 »b¹oV

R�»TO[s�RQI5»fOQI_IHK�¼j»TISO�»TY i<KSWa¸o¼o»b¹j9TW�4O»MNO¹ RUO�»b¼j7 »b¹ R�»TOoL RNPOUO�»TO�s?R�»b¹XI]OUO�»b¹HK^º�KSò�»TISO�»�¸jn@º�RUISW^¸x�NPO��b�YIMYlWUYlR^»TO c IHK�7k»b¹ aQWUOZL�¼ER�»b¹(k�»TK]K5»�KSI5»b4O¼bZ
� 6�NO¹H¹J»ML�¼+W^¹!R�»�¸FX&O�»b¹H4PI5»bxO»b¹ KSW^¸J¼J¸FISO�aaºO¸J¸+I5xO»TOU6�NPY$a�NPO�»TO�¼o»TO²<>¸_NO4�Z � R�»�º�R¬YmºT¼o»b¹ I_º�K ��AEWUOUR

R�»TO�6fº�KVNO¹ ISYP»b¼o»b¹JV i ¹HºOI+L]¸bZ
�(Y R�»TO�X[ISO �QW^�·x�NPO�»TK5»ML�¼o¹ NPOUI_¸JI�K�»TY n@º�W^¸JI�K�»TO 9TW´Y-I]OUISY-I5»b¹H»TO�sc7FI5¹eR ºbò�7k»TI_I�K�»TOUR�x�NPY
c ¼Jº�OUR^ºT¹ R]Vlnw»ML�NPO^¸o¼o¹ WUL�¼+IVNPOa¸_a^¹+NO4O¹Hº�Y\Y RUI_» º�RURQI5¼+I5xO»�\F»�º�R]V C�ºT¼o»b¹eI_º�K�Vl6�NO¹J¹H»ML�¼+W�¹ùOUI_IHK�¼ º�O�4O»WV7�º�OUR�¼bs!RUI5»c4O»b¹Hº�R^»oOQI5»TR�»b¹J»TO�»b¹H4O»b¼+I_¸JIHK^»�X&O^»b¹J4PI5»TR�»Ma�NB¸+I5¼+ISNPO�»TO#< 9OZ pFZ�»TK5»ML�¼o¹ NPOUI_¸JI�K�»�¸Dnwº�W^¸JI�K�»TO A
WQO½xO»b¹HK Rº�K5¼+OUI_¸+Y RºT�PI54PKZN�I�Kxòt»b7k»b¹H¼o»b¼ � �Th�hji Z
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¶ RW�¹[RUI5»w�(W � RNB¸+WQO�4XR�»b¹&LTº�KVNO¹ I]YP»b¼o¹ I_¸JI�K�»TOmX[O�»b¹J4PI5»TYP»�¸H¸+WUO�4�4PISK_¼ �N< �dA J ��� � J�� �Ys�RaºO¸.òt»TR�»TW�¼o»b¼
RQI5»U�F»TO^º�WQI54�LO»TI5¼¸R�»b¹LX[O�»b¹J4PI5»TYm»�¸J¸+WUO�4 OUISY-Y{¼m2 RW�¹�OUI_»TR�»b¹J»TO�»b¹J4O»b¼+I�¸JIHK�»UeÀ»TI]K_IHK�»TO/ºbò[Z#¶ RW�¹¸RUI5»�(W � RNB¸ WUO�4`R�»�¸ce
¹Hº�O^¸JxO»b¹H¸Jº�KSISY-aQWUK_¸o»�¸¸ISO±R�»TO c aQW^¹+LSº�Y\YP»b¹ O�4PISK5¼dRaºT4O»b4O»TO �N<>� ¡ A J � ¡ � � ¡ s
RaºO¸|K�»TI5�O¼8RUI_» ¿N¹�RºT9TI_¸ IVNPO R�»b¹|1�Y$aQWUK�¸+YP»�¸J¸+WQO�4^WUOQR R^º�Y-I5¼8R�»b¹|X[O�»b¹J4PI5»TYm»�¸J¸+WUO�4²OQISY-Y{¼U2ÁRW�¹
OQI5»TR�»b¹J»TO�»b¹H4O»b¼+I_¸JIHK^» eÀ»TISK�IHK�»TO�9TW�Z \F»�¸o7 »b4O»TO I_¸o¼`RUI5»�:�»b¹J7 »TOURUWQO�4>R�»b¹ c a�W�¹+LTº�Y-YP»b¹ O 9TW�¹1�Y$aQWQK_¸_òt»�¸o¼+ISY-YfWUO�4oOUI5»TR^»b¹J»TO�»b¹J4O»b¼+I_¸HIHK�»b¹DeÀ»TI]K_IHK�»TO�4O»b4O»TO RWZòt»b¹xR�»b¹mLSº�KSNO¹ ISYP»b¼o¹ I�¸JIHK�»TO/Cc»�¸H¸+WUO�4x�NO¹H¼o»TISK_K^ºT2 ¼bZq�!Y RQI5»dp »b¹J»�I�KUO�WUO�4Dx�NPOy�[¡ � � WQOUR � 9b7!I_¸JIHK^»TO¬R^»TY�¶HK RWa¸J¸+I54TVl�@¹J4�NPO]Vl6qº�KSNO¹ ISYP»b¼o»b¹
WQOURxR�»b¹w9b»TO�¼o¹Hº�K5»TO c aQW�¹ LSº�Y-Ym»b¹uº�W�2 9TW^¼o»TISK5»TO�s^7!I5¹ RD2�NPK54O»TOUR�»q¿�¹+NO9b»TRUW�¹Fº�O�4O»b7 º�OQR�¼Mu Xk¸87 »b¹ R�»TO
RQI5» c aQW�¹J»TOQº�W^¸J4O»b7{RºOKUK5¼bs
2�RW�¹XRQI5»P»TISOQ1�Y$aQWUK_¸Fx�NPO~7k»TOUI_4O»b¹fº�K_¸Ahc�F»b:�¹H»ML�NPO^¸o¼o¹ WUI_»b¹J¼j7FI5¹ R�ZP\JI5»¸J»TK5»ML�¼+I_»b¹J¼o»TO c aQW^¹J»TO²7k»b¹eR�»TO$º�W�2�RUI_» q òt»b¹�� RºOIHK^»dR�»�¸;£
�w¹Ái�»Wr�¼o¹Hºba�NPKSI_»b¹J¼bZ�\F»b¹ c aQW�¹P7 »b¹ R�»TOi�KSW^¸o¼o»b¹AI]Y »TK5»ML�¼o¹+NPYmºT4PO�»b¼+I_¸HIHK�»TO�<>K^º�R�¹+NPOQI_¸JIHK^»TO AFp »b¹J»TI_IHK×R�»�¸{£À�@¹Ái�9TW�4O»MNO¹ RQO�»b¼bs¢7k»TOUO RUI5»�¸o»
I]OUO�»b¹HK^º�KSòL»TI]O�»�¸!k�µ�KSISOUR^»b¹H¸<Y-I5¼unwº�RQISW^¸EhO��< �b�½A@IMY WUY R�»TO c aQW^¹Hº�W�2 ¼o¹J» r a�WUOZL�¼�KSI_»b4O»TO�ZkX�¹J¹J»TI_I�K½¼
RQI5» c a�W�¹[RUI_» q òt»b¹�� RºOI�K�»JR�»�¸�£À�@¹Ái`OQI_IHK�¼bs]7FI5¹ R�RUI5¹J»ML�¼[RUI_» RWZòt»b¹<RUI5» c aQW�¹+L�¹ RWUY-YfWUO�4�»b¹eY-I5¼o¼o»TK5¼o»X[O�»b¹J4PI5»�xO»b¹J7k»TOQR�»b¼bZ 1�¸o¼�RUI_»c9TW�4O»MNO¹ RUO^»b¼o»�X&O^»b¹J4PI5» I]Y3£À�@¹Ái-4O¹ RNO�O»b¹Lº�K�¸�RUI_»�R�»b¹ c aQW�¹�s 7FI5¹ R
RQI5»ALTº�KVNO¹ ISYm»b¼o¹ I_¸JI�K�»{X[O�»b¹J4PI5»{xO»b¹J7k»TOQR�»b¼bZ�6qº�KVNO¹ ISYm»b¼o»b¹J9b»TKSK5»TO¬ISOc»TI]O�»TY i�KSW^¸o¼o»b¹�s�R�»TY�»TISO�» c aQW�¹9TW^4O»MNO¹ RUO�»b¼�I�¸o¼bs@7 »b¹ R�»TO±YmºO¸_L�I5»b¹J¼bs�WUY 9TW xO»b¹ Ym»TISR�»TO�s�R^ºT�$X[O�»b¹J4PI5»TOwòt»TI�R�»b¹cKaº�R�¹+NPOUI_¸HIHK�»TO
c WUY-YmºT¼+IVNPO$RUN�aUat»TK5¼¢xO»b¹+òQW^I�K½¼N7 »b¹ R�»TO[Z¢\JW�¹�IHK\RQI5»�¸o»wC�»b¼JKZN�R^»u7k»b¹eR�»TO-OUI5»TR^»b¹J»TO�»b¹J4O»b¼+I_¸HIHK�»we
»TISK�VI�K�»TOmòt»�¸J¸o»b¹�ò�»b¹ RW^I+L]¸+I_I�K½¼+I54O¼<WUOURmRUI5»FK^º�R�¹+NPOQI_¸JIHK^»@X&O^»b¹J4PI5»JI_¸o¼�4O»TOaº�W�»b¹�òt»�¸o¼+ISY-Y{¼kº�K_¸<ISOmR�»b¹ ¹J»TISO
LTº�KVNO¹ I]YP»b¼o¹ I_¸JI�K�»TO;C�»�¸J¸+WUO^4�Z¢\JI5»FK^º�R�¹+NPOQI_¸JIHK^»TOm:NºT¹ I_ºbò�K5»TOP7 »b¹ R�»TOmR^º�OUO;º�Wa¸&R�»TO�OUI_IHK�¼�9TW^4O»MNO¹ R]V
O^»b¼o»TO$kt»TKSK5»TOfR�»�¸¢£À�@¹ÁiFsbR�»TO c aQW�¹J»TOpWUOURfR�»TOhK^º�R�¹+NPOQI_¸JIHK^»TOfX&O^»b¹J4PI5»TO3ISY c aaº½i�º�K�¹J»ML�NPO^¸o¼o¹eWUI5»b¹J¼Mu
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�[¡ � � � � � � ��� �N�.� � � # $ 8 ��8 ~]�²� � � # $'& � ��
 < ��Z�hBA

\Fºbòt»TI�I_¸J¼P»�¸P7FI_I�K½¼+I54�s�R^ºT�8O�W�¹mX&O�»b¹H4PI5»TO°¸+WUY-Y\I5»b¹J¼d7k»b¹ R^»TO�s[RUI_»L¼JºT¼J¸�RºOIHKUKSI�IHK R^»TY K^º�R�¹+NTV
OQI_¸JIHK^»TO~X&OQR�9TW^¸o¼Jº�OUR	9TW�9TW�¹H»�IHKUO�»TO.¸+ISOQR�Z�\jºO¸3ISR�»TO�¼+I5`^9TI5»b¹J¼o»Y4O»�¸o¼o¹J»TW�¼o»�X[K5»ML�¼o¹ NPO~7FI_¹ R|»Wr�aQKSI59TI_¼º�Wa¸o4O»�¸JIHKQKVNB¸J¸o»TO�Z\(W^¹HIHK^G�W�»b¹J¼ERaºO¸�4O»�¸o¼o¹J»TW�¼o»dX&K5»ML�¼o¹+NPO�º�W�2HR�»TY�Ey»b4�I]O^¸�£À�@¹ÁiwR^ºO¸8X[OUR^¸o¼ RW^I LmR^»�¸wi�eu\�< 9TW�¹:�»b¹eR�»TW�¼+KSI_I�K�WQO�4�¸+I_»�K�»L�!òUò[Zyh�Z��BA�s&LTº�OUOóRZNO¹J¼3R^ºO¸hX&K_»ML�¼o¹+NPO²º�W�2>¸JI�K^º�W�»b¹ O�Z|\F»b¹$Y-I5¼o¼+K_»b¹J»LX[O�»b¹oV4PI_»bxO»b¹ KSW^¸o¼pR�»�¸fX[K5»ML�¼o¹ NPO^¸�7FI5¹eRvRUW�¹HI�K RUI5»m6fº�KSIVò^¹HºT¼+ISNPOvR�»b¹{X[K5»ML�¼o¹ NPO�»TO�»b¹J4PI5»U<>�Fòa¸HIHKUOUI_¼o¼{��Z ��Z�hBAº�Wa¸o4O»b4PKSI_I�K�»TO�ZNX&I]OYe
»TISK�R�»b¹uX&O^»b¹J4PI5»JR�»�¸8º�W�2>¸JIHK^º�W^»b¹ OUR�»TODX&K_»ML�¼o¹+NPOa¸k7!I5¹ RmISY c aaº½i�º�K�R�»Ma�NPOUI5»b¹J¼
WQOUR�¸_NPY-I5¼EOQI_IHK�¼ER�»TY X[K5»ML�¼o¹+NPO]V i<KSWa¸o¼o»b¹�ISY-£À�@¹Ái/9TW^4O»MNO¹ RUO�»b¼bZ��(Y-»TI]O�»�:�»b¹J2 Rº�K_¸JIHK�WUO�4�R�»b¹wK^ºSV
R^¹+NPOUI_¸JI�K�»TODX&O�»b¹H4PI5»TYP»�¸J¸+WQO�4fRQW�¹HIHKxRQI5»(OQI_IHK�¼ER�»TY�X&K_»ML�¼o¹+NPOD9TW^4O»MNO¹ RUO�»b¼o»TOcX[O�»b¹J4PI5»WV i�KSW^¸o¼o»b¹�ISY
c aaº½i�º�K�9TW	xO»b¹ YP»TISR^»TO�s
7!I5¹ R|º�KSK_»YX&O^»b¹J4PI5»OsHRUI5»\ISO~»TISO�»TY k�µ�K]ISOUR�»b¹XY-I_¼fnwº�RUI]W^¸/<b��IMY4WQYGRUI5»:�»b¹ òQISOURUWQO�4B¸+KSISOQI5»�x�NPOm:�»b¹J¼o»WrP9TWYi�KSW^¸o¼o»b¹.R�»Ma�NPOUI_»b¹J¼yI_¸o¼bs½º�W^¸&R�»TOPK^º�R�¹+NPOQI_¸JIHK^»TOPX&O�»b¹J4PI_»�¸+WUY-YP»TO< ��K Z���Z_�AWUOQR��JK Z���Z�hBA�»TK]ISY-ISOUI_»b¹J¼bZEy»TI5¼o»b¹HKUISO�7 »b¹ R�»TO »TK5»ML�¼o¹ NPYmºT4PO�»b¼+I_¸JI�K�»²i�KSW^¸o¼o»b¹dISY c aaº½i�º�Kj»TKSISY\ISOUI5»b¹J¼bsw7k»TOUO±I_K�¹�¿¨NPK_ºT¹oV7!ISOZLO»TKN4O¹ RNO�O»b¹hº�K�¸Y�vMbh t WUOUR~4PK5»TI_IHK^9b»TI5¼+I54oI_K�¹J»;X[O�»b¹J4PI5»Y4O¹ RNO�O»b¹Pº�K_¸ <U�F»b: I_¸o¼bZ�\JI5»�¸J»LX[O�»b¹J4PI5»WV
R^»Ma�NB¸ I5¼+IVNPO�»TOy¸+I]OUR8YP»TI_¸J¼{º�W�2�1 c n8Vl¿kKZNO¼_NPO�»TO N�R�»b¹dX&K5»ML�¼o¹+NPO�»TO	º�W^¸ c ¼o¹J»TWUWUO�4O»TO Y-I5¼AOQI5»TR�¹ I54O»TO1�Y$aQWQK_¸ RWZòt»b¹J¼o¹ RºT4O»TOU9TW�¹ RW^I+L�9TW�2 RW^K�¹J»TOoWUOUR R�»�¸JK^º�KVò8OQI_IHK�¼AR�»TY Kaº�R�¹+NPOUI_¸HIHK�»TO|X[OUR�9TW^¸J¼Jº�OURQ9TW�9TW]V¹H»�IHKUO�»TO[Z�FòUò�ISKSRUWUO^4;��Z_���L9b»TI54O¼�6�NPO½¼o¹ NPKSK5xO»b¹J¼o»TISK]WUO�4O»TO�R^»b¹�C�»�¸J¸+WQO�4mR^»�¸FKaº�R�¹+NPOUI_¸HIHK�»TOUX&OUR^9TW^¸o¼Jº�OUR^¸
OaºOIHKQ6qº�KSIVòa¹HºT¼+IVNPO�R^»b¹jKaº�R�¹+NPOUI_¸HIHK�»TOUX&O�»b¹H4PI5»TYP»�¸J¸+WQO�4U<>¸+I_»�K�»d�!òa¸JI�KUOUI5¼o¼���Z���Z=<BA�Zf\JI5»Pº�O�¼o»TISKSI54O»TOp »TI5¼o¹ RºT4O»3R^»b¹F\F»b¼o»ML�¼_NO¹+L�NPY$a�NPO�»TO�¼o»TO|7 »b¹ R�»TO¬RUW�¹HI�K RUI_» c ISYfWUK_ºT¼+ISNPOc4PW�¼(òt»�¸JIHK�¹eI5»Mòt»TO�Zw\JI5»hXN¹oV
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[%
] Q2 = 250 GeV2 Q2 = 300 GeV2 Q2 = 400 GeV2 Q2 = 500 GeV2

[%
] Q2 = 650 GeV2 Q2 = 800 GeV2 Q2 = 1000 GeV2 Q2 = 1200 GeV2

[%
] Q2 = 1500 GeV2 Q2 = 2000 GeV2 Q2 = 3000 GeV2 Q2 = 5000 GeV2

x

[%
] Q2 = 8000 GeV2

x

Q2 = 12000 GeV2

x

Q2 = 20000 GeV2

x

Q2 = 30000 GeV2
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Run 229365  Event 96751  Class: 4 5 6 7 8 11 19 22 28 29 Date 29/11/1998

E´= 381 GeV;      = 13.0°θ

Q² = 41550 GeV² ;   x = 0.545 ;  y= 0.751 
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Run 239351  Event 72487  Class: 4 5 6 7 11 19 25 28 Date 02/04/1999

E´= 329 GeV;      = 14.5°θ

Q² = 35720 GeV² ;   x = 0.358 ;  y= 0.810
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Run 234371  Event 25914  Class: 4 5 7 8 11 19 25 28 29 Date 13/02/1999

E´= 262 GeV;      = 14.9°θ

Q² = 28440 GeV² ;   x = 0.351 ;  y= 0.85 
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Run 219628  Event 64747  Class: 4 8 16 19 28 29 Date 05/09/1998

Q² = 203 GeV² ;   x = 0.0028 ;  y= 0.714 

E´= 9.75 GeV;      = 128.5°θ
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Run 219632  Event 48559  Class: 4 8 11 19 20 28 29 Date 05/09/1998

Q² = 125 GeV² ;   x = 0.00186 ;  y = 0.732 

E´= 8.54 GeV;      = 137.4°θ
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Run 219632  Event 95462  Class: 4 8 19 28 29 Date 05/09/1998

Q² = 343 GeV² ;   x = 0.00464 ;  y= 0.773 

E´= 9.37 GeV;      = 109.9°θ
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Run 220938  Event 11394  Class: 4 19 28 29 Date 16/09/1998

Q² = 368 GeV² ;   x = 0.00336 ;  y= 0.872

E´= 6.87 GeV;      = 91.9°θ
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Run 240357  Event 60675  Class: 4 9 12 15 19 22 28 29 Date 12/04/1999

E´= 7.10 GeV;      = 129.5°θ
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Run 240168  Event 43157  Class: 4 7 16 19 22 28 29 Date 12/04/1999

θE´= 7.88 GeV;      = 127.5°
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Run 220300  Event 11388  Class: 4 8 11 19 20 28 29 Date 11/09/1998

E´= 7.99 GeV;      = 82.4°θ

E           = 21.1 GeV
SpaCal
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Run 234228  Event 95631  Class: 4 11 19 20 28 29 Date 11/02/1999

E           = 23.6 GeV
SpaCal

E´= 6.01 GeV;      = 90.8°θ
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Run 220499  Event 3404  Class: 4 7 8 11 19 23 27 28 29 Date 12/09/1998
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=110.8°= 141.4°θe φeE = 16.5 GeVe

=289.3°= 136.2°θγ γE = 14.3 GeVγ φ

Run 222520  Event 18060  Class: 4 7 8 11 13 16 19 22 27 28 29 Date 27/09/1998

Z

R

X

Y

= 49.0°= 97.9°θe φeE = 15.0 GeVe

=288.8°= 128.8°θγ γE = 19.8 GeVγ φ

Konversion des Photons
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Run 220732  Event 13755  Class: 8 19 20 27 29 Date 15/09/1998
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= 97.1°= 171.6°θγ φE = 27.0 GeVγ

=279.5°= 47.7°θe eE = 5.3 GeVe φ

γ

Run 219714  Event 16274  Class: 4 11 13 16 19 20 27 28 29 Date 09/07/1998
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=110.6°= 158.8°θ 2E2 2= 19.4 GeV φ

=294.7°= 135.5°θ1 1E = 10.2 GeV1 φ
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Run 222122  Event 9398  Class: 4 8 11 16 19 20 28 29 Date 23/09/1998

Z

R

LadungE[GeV] θ[°] φ[°]

LArC 1:

6.8

8.8

_

SpaCal 2:

115.8

162.9

283.8

125.7

58.6

+

_

SpaCal 1: 17.4 150.1
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Run 219663  Event 163614 Date 06/09/1998

Z

R

LArC 2:

LadungE[GeV] θ[°] φ[°]

LArC 1:

3.4

23.6

6.9

_

SpaCal 1:

125.3

84.4

154.3

92.1

98.8

281.4

+

_
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Run 240415  Event 120262  Class: 4 7 8 16 19 25 27 28 29 Date 13/04/1999

Z

R

LArC 3:

LArC 2:

LadungE[GeV] θ[°] φ[°]

LArC 1: 100.7 87.7

14.1 138.2 272.6

+9.5 57.8 269.1

20.1 _

_
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Y

X
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Run 234459  Event 153757  Class: 4 5 6 7 11 19 27 28 29 30 Date 13/02/1999

= 22° ,  E = 295 GeVθ

Z

R
X

Y

Run 238475 Event 68529 Date 25/03/1999

= 133° ,  E = 13 GeVθ
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