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6$rg_emc_`dghQdOlzdOhilzdghi[ G�_ergach�d��gaoGi��2�a�hi��hQa�dO����grga�mohQdxw�sBhQdgd�}�lzh��g_`a�m�y$pzhi{jmoac_edghQd�_��ghia
6�_e}clumcac_`d~hQd�hQa$GQhQ�~femohid|���;djmohia9�glzhi}chQa$�;dgd�ber~[+h�{�_`dgdjmohid+stluaN[+lnm-hilzdghia �U_`djmoh�¡�¢�bea�pz_�¡
d£lu[@�gp¤b�molz_ed|w6�glzh�be�~���ghQa�6$ac_ef`aobe[K[@�glu�gpzlu_emor~hQ{@wnw¦¥ky$�98:2.¡<;`§<�¨hQa��grjmohewj�~lzhª© �be�~«�f`{�hQlnm
�gdg���gluhJa �be�~[+pulz��rgh�09hQa�mchQlupz�gdgf Gi�g} �b�m:GQpulz��rghia�2�a�hi��hQa<ludDhQlzd~hQa��KJe_`dg{�be[K[+hiaV]`_`a�rghQa¬¡
}ob�f`hQd|wtsBhQpz��r~h�]`_ed d£��r�be�~hQa�mchQlupz��rghidrghQa�a ��gr~achQdxw;�gluh"�QJ`_`dghid®lzd¯hQludghQ[ �;�g}c_`a���hia
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Mittelwert in y:        (-2,082±0,005) µm
Standardabw. in y:     (120,0±0,3) µm

Mittelwert in y:        (-1,942±0,004) µm
Standardabw. in y:     (119,0±0,3) µm

Mittelwert in y:        (33,062±0,09) µm
Standardabw. in y:     (285,5±0,8) µm
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Mittelwert in y:        (2,868±0,007) µm
Standardabw. in y:     (119,0±0,2) µm Standardabw. in y:     (123,4±0,2) µm

Mittelwert in y:        (-2,635±0,006) µm
Standardabw. in y:     (118,0±0,2) µm

Mittelwert in y:        (-17,71±0,04) µm
Standardabw. in y:     (125,6±0,2) µm

Mittelwert in y:        (-0,809±0,002) µm
Standardabw. in y:     (114,7±0,2) µm

Mittelwert in y:        (-2,59±0,01) µm

Rohr 15

Rohr 12
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bestimme r  und r  ,21
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Spur in    GEANT-4

Trefferposition
in GEANT-4

Flugbahn eines
geladenen Teilchens

in GEANT-4

betrachte den

des Gasvolumens
innerhalb

Ereignispunkt
ersten und letzten

Länge
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�(V ��qRMLONQPBR>SUTUVWLBXZYBPO[MR8yBT,qYO\]RDSUV^PB_a`WbMcdc,NQPfeZPg_BNQP �hbi_BbMRj`WbMklNQPnm VoeZPpSUeqXZXrVsSUeZb^PBRRVMtV^LBXZNoT
VQYOc u�eqPBRUVWSRV^vhw<eZN �yxfz tV^LBXZNoT{_BNQR)b^|}NoTjNQP�~hbi_BbMRD`^bMkBR�RjeZPO_ �DNo�9NQeqXZR x8��� jg� XZV^PB[ �� j���� |BTDNQeqS�YBPB_ � j���� _BeZ��`�v�w<eqN � k�m@VQeZPpSjeZXZXZVWSUeqbMPBR�V tV^LBXqNQT*_BNoR�YBPpSUNoTjNQP�~hbi_BbW�Rj`WbMkBR�RDeZPB_dV^YB��L x8��� j���XZV^PB[ � �DNo_Bbi��L �'j�����|BTjNoeqS�YBPB_�PyYBT k�����_OeZ��`�viw<eZN5|}NoeZ_BNoPm VoeZPpSUeqXZXrVsSUeZb^PBRRVMtV^LBXZNoTjXZV^[MNQP�RjeZPO_�YBc�NQeqPBNQP�LBV^XZ|lNQP z tV^LBXZNoT��^NQTDRjNoSRVoS�[^NQ[MNoPBNQeqP�V^PB_BNoT�V^P8�[MNobMTj_BPONoS%YBPB_*�9NQTD_BNQPdV^P�NQPpSU[^NQ[MNoPB[MNQRDNoSRVoSUNoP�m8NoeqSjNQP,V^YBRD[MNQXqNQRjNoP�vyw<eZN9��PBb^Tj_BPyYBPB[�_BNoTz tV^LBXqNQT�eqP{_BNQP�~hbi_BbMRj`WbMklNQP�eZRDS5eqP{_BNQT5��|O|BeZXq_BYBPB[ � v���Rj`ye V$VQeZNoTDSQv

w<eZNhNQeZPO[MNQRDNoSEV�SUNoP z tVWLBXZNoT |lNQRDSjNQLBNoP�V^YBR2<�XrV^R>SUeq`iR�VQeqPySjeZXqXrVWSjbMTjNoP � _BeqN6V^P�NoeZPBNoc¡eqLBTjNoTu�PB_BNoP¢tYB|}NoT �£eq��LySjXZNoeqSUNoT V^P�<�LBb^Sjb¤�^NQT>�8eqNQX¥\¦V^��LBNQT�V^PB[MNoRj��LBXqbMRjRDNQP§RDeZPB_�v�¨�NQPBP)NoeZP)©�ªp�bMP�_BYBTD��L«_BNoP;<�XZV^RDSjeZ`yRRVoeZPpSUeqXZXrVsSUbMT¬XtV^Y8\®S � TDNQ[^S%NoR�\]TDNQeqN�¯�V^XZNoPSVQNoXZNQ`pSjTjbMPBNoP�_BNQT9©°bMXqNQ`±tYBXqNeZc�²6YBPBRDSjRDSjb^³´V^P � _BeqN6YBPpSUNoTh_BNoT5��YBRDRjNQPO_BYBPB[�RDbM[MNoP�V^PBPpSUNoP�µ � � 7 �,� N NQP(�1�·¶ 7�B<N �>FHGI��B � \�tYOT_�V^R�_BNQT6²6YBPORDSUR>SUb^³�_BYBTD��LBRjeq��LySjeZ[�eqRDS � eZP�_BNQP´¸6TjYBPO_SVQYBR>S�V^PO_ VoYBTWtYO��`i`WNQLBTDNQP�`¹tb^PBPBNQP¹vu�eZP=�¬NQeqXO_BNoR%m VoeZPpSUeqXZXrVsSUeZb^PBRjXqeZ��LpSUR£NoTjTjNoeZ��LpS%_BeqN <�LBb^SjbM`sVWSULBbi_BN�_ONQR <�LBb^Sjbº�MNQT>�ieZNQX¥\¦V^��LBNoTjRV^YO\»_BeZTDNQ`pSUNoc
¨�No[MN � �MbMThV^XqXZNQc
V^|}NoT�VWYO\»eqPB_BeZTDNQ`pSUNoc
¨�No[MN�PBV^��L�c,NQLBT>\¦V^��LBNoT<¼5N ��N½�
> eZbMPgV^Pg_BNoPa¸6TjNQP0V � tV^��LONQP¢_BNoR�m@VQeZPpSjeZXZXZVWSUb^TjR � _BNoT,eqPfNoeZPBN{�hXZYBc,eZPBeqYBc�\]bMXZeqN*[MNQL tYOXZXqSeZR>SGv���P�_BNQT=<%LOb^SUbM`sVWSjLBbi_BN�_BNQT¾¯%NoTD�ieZNoXq\¦V^��LONQT��9NQTD_BNQPg_BYBTD��Lf_BNoP�XZeZ��LpSjNQXZNo`pSUTjeqRj��LBNoPu»³¹No`pS�u�XZNo`ySjTjbMPONQPd\]TDNQeq[MNQRDNoSEV�S � _BeqN�V^Y8\�NQeqPBNQT9²�V^Rj`sV^_ON �^bMP�¿ NoRj��LBXqNQYBPOeZ[MYBPO[MRjR>SUTjNo��`^NoP�MNoTD�ieZNoXq\¦V^��LpS6�9NQTD_BNQP � � V^R�VoY´NoeZPBNoc�c,NQÀ^|�V^TjNoP´m8eZ[^P�V^X»VWP§_BNQP���YORj[�tV^PO[MNQP�_BNoT�¯%NQTÁ��ieZNoXq\¦V^��LBNoT�\½tYBLBT>SGv

w<eZN�mik�V^PBPyYBPB[^NQP � _BeqN�V^P{_BeZN6¿9NQRj��LOXZNQYOPBeZ[MYOPB[MRjR>SUTDNQ��`^NoP§_BNQT�¯%NoTD�ieZNoXq\¦V^��LBNoT�[MNQXqNQ[^S
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38 Zähler

oberes Hodoskop

unteres Hodoskop
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�5eZTD_ � �5YOTj_BN¾\ tYBT �DNQ_BNoP z tVWLBXZNoT�eZc bM|lNQTDNQP§YBPB_�YBPpSjNQTjNoP´~hbi_BbMRj`WbMk�Rjb�[MN�� tV^LBX¥S � _BV^ÀV^XqXZN z tV^LBXqNQT�eqc
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Myonkammer

unteres
Hodoskop

l l

l  + l   =  l  = const
L R

L R

L R

Startzeit in einem Driftrohr:

t drift

Startzeiten im unteren Hodoskop:

RH l
c vt  =     +      .

LH l
c vt  =     +      ,

StopStopzeitpunkt vom Auslöser: t       .
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kleine
Szintillations-
zähler mit hoher
Zeitauflösung
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10 cm Blei

Referenzzähler

27 mm dicker
Szintillationszähler

2300 mm 0 mm
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T�VWPBbMRjNo`yYBPB_BNWv�'Pa_BNQT�X�VWS�eqRDS«eZc ~heqRDSUb^[MTUV^c,c � vY��_BeZN)miS�VWPB_�V^TD_�V^|p� NoeZ��LyYBPB[g_BNoT
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#��j�>©�eqSjSjNQX¥� NoTDSUNh� NoeZ��LBNoP��5eqN QYO�^bMT5|}NoeZc¡¼ N�\]NQTjNoP  MtV^LBXqNQT5PBeZ��LpS5c,NQLBT�V^XZR x �E��C � �^bMPNQeqPBNQT<²�b^PBRDSUV^PpSUNQP�VW|�v¹�hXZXZNoTj_BeqPB[MR Rj��LBNoeZPpS6NoR6Rjb QY§RDNQeqP � _�VWÀ�_BeZN�u�TjNQeq[MPBeqR QNoeqS-#���V^P_BNoP¾¼�tV^PB_BNoTjP�_BNQR�~hbi_BbMRD`^bMkBR�YBc0[MTDbM| x ���#C � [MTGtbMÀMNQT±VWXZR±eZP�_BNoc3eZPBPBNoTjNoP�¿ NoTjNoeZ��L��^bMPYBPB[^No\DtV^LBT � �!��tV^PB[MN<eqRDSQvB©�VWP�|}NQV^��LpSUN�V^YO��L � �5eqNh�9NQPBeq[*_BeZN)#��D� ¨�NQT>SUN<_BNoT�NQeqP QNoXZPBNoP
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z tV^LBXqNQTDk�VMV^TDN6YBc
_BeqN�©°eqSDSUNQX¥� NoTDSjN6Rj��Lp��VWPB`^NoP � NQR5RDeZPB_{PyYBT � VE��C � eqc�©°e¥SjSjNQX·vm8NQLOT<[MYOS�eZRDS�V^YB��L§_OeZN�#��j� ��YB@±tbMRjYBPO[�_BNQR�YBPpSUNQTDNQP´~hbi_BbMRD`^bMkOR<eZc ¿ eqXZ_ �8v � � � YBPB_
o� V^T�tYB|lNQT6_BeqN*[MNQRjV^c�SjN �9tVWPB[MN*RjNoeZPBNoT z tV^LBXqNQTQv 'P�_BNQT�©°e¥SjSUN�_BNQT z tV^LBXqNQT<|lNoSjTºtV^[WS6RjeqN
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`yP�V^kBk �E����C �M� _Bbi��L�RjNoXZ|BR>S�V^c ¼ V^PB_BNheZRDS RjeqNhPyYBT � VE��C � RD��LBXZNo��LySjNQTov�w<bMTDS�tYB|lNQT>SUTje¥³}SRjeqN�RDbM[pV^Th_BeZN���YB@¬tb^RjYBPB[{_BNoR6¼5No\]NQTDNQP  ptV^LOXZNQTDR6YBc � VE� C � v}~heqNQThRj��LBNoeZPpS�_BNQc�~hbi_BbW�Rj`WbMk��Mb^T�V^XZXqNQc oYB[MYOSjN QY�`WbMc,cdNoP � _BV^À¾RjNoeZPBN z tV^LBXqNQT�PiYOT�NQeqPBRjNoeqSUeq[�VWYBRj[MNoXZNoRjNQP��9NQTÁ�_BNoP�v^¨�NQPBP�P±tV^c,XZeq��L�NoeZP,©�ª^bMP�NQeZPONQP,m oeZPpSUeqXZXrVsSUeZb^PBR MtV^LBXZNoT£P�V^LBN�_ONQc z tVWLBXZNoTjNQPO_BN \]NQTDP�Mb^c�V^PB[MNoRj��LBXqbMRjRDNQPBNoP =�LBb^Sjb¤�^NQT>�8eqNQX¥\¦V^��LBNQT5SUTDeq³lS � NQTjTDNQeq��LyS |lNQe£_BNoP�~ b8_ObMRj`WbMk ptVWLBXZNoTjPc,NQLBT�m QeqPySjeZXqXrVWSjeZbMPBRDXZeq��LyS»_BeZN ¯%NQTD�ieqNQXq\¦VW��LBNQT � V^XqR NoR�|}NoeZc�|lNQeZ_ORjNQe¥SUeq[�V^YORj[MNoXZNQRDNQPBNoP�¼ N½�\]NQTDNQP  ptV^LOXZNQT9_BNQT���V^XZX�eqRDS � �9NQeqX}NoR�V^c z tV^LOXZNQTDNQPB_ON�TjN�@�NQ`pSjeZNQT>S �5eqTj_�viu�TD\]TDNQYBXqeZ��LBNoTD�9NQeZRDNRDSjTjNoYBNQP�_BeZN-#��D��hYB@¬tbMRDYBPB[MNoP°_BNoT z tV^LBXqNQTDk�VMV^TDN<YBc�_OeZN<NoeZPB[MN QNoeZ��LBPBN�SUN6�hYB@¬tbMRDYBPB[�PyYBTYBc
YOPB[MNo\DtVWLBT ��� � C �M� �5eZN�cdV^P{V^P�_BNQTh¸6TºtbMÀ^N6_BNQT)��NQLBXqNQTD|�V^XZ`WNQP{NQTD`^NoPBPpSGv

w6V^c,eqS�XqeZN�\]NQTDS�_�V^R5YBPpSUNoTjN�~hbi_BbMRD`^bMk�NQeqPBN�u�TjNQeq[MPBeqR QNoeqS � _BeZN6[^NQP�V^YONQT5V^XqR � � � eqRDS �YBPB_f�MNQTDRj��LBXqNQ��LpSUNoTDS�_BeqN)u�eZP oNQXqTjbMLBTjV^YB@¬tb^RjYBPB[�_BNQT�w<Tjeq\®SjTjbMLOTjN{PyYBT«[MNoTjeqPB[^\½tYB[Meq[Bv%w<eZNc,eqSjSjXZNoTjN u�eZP oNQXZTDbMLBTjV^YB@¬tbMRDYBPB[��^bMP �����¹� NoPpSURjkOTjeZ��LpS�|lNQe}NQeqPBNQT9c«V��8eqc«V^XqNQPdw<Tje¥\®S QNoeqS�Mb^P��E��� � � eqP��hT !
	�� � YBPO_¾NQeqPBNQc c«V��Oeqc«VWXZNQP�w<TDeq\®SUTjV^_BeqYBR¬�^bMP ��� � �h����NoeZPBNoT»w<Tje¥\®SD�
QNoeqSUV^YB@¬tbMRDYBPB[¾�^bMP  � � � 
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�
� * � � x ���M� VWXZRjb«PiYOT�YOc ��� �MNoTjRj��LOXZNQ��LpSjNQTDSjN^v²6YBT oYBc � _BeqN �E��� C � cde¥SjSUXqNQTDN #��j� ��YB@±tbMRjYBPO[*_BNQR�YOPySjNQTDNQP�~hbi_BbMRD`^bMkBR�[^NQP@tYB[WS�\½tYBT _ONQP¿ N�SUTjeqNQ|{_BNoR�~�tbMLBNQPORDSUTjV^LBXqYBPB[MRDkBTWtYO\]R>S�V^PO_BRQv
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��c(¿ bi_BNQPg_BNQR�~�tbMLBNoPBRDSjTUV^LBXqYBPB[MRDkBTWtY8\]RDS�VWPB_BR,XZeZNo[MNQP 'ÁVWTjbi�Q�QeqTjbMLOTjN � cde¥S*_BNoPBNQPgc«VWP_BNoP�mySUTjNoYp�5eZPB`WNQX�_BNQT�©{ªMbMPBNoP�eqc u�eZRDNQP |lNQRDSjeZc,cdNoPa`sV^PBP�v32^No_BNQR 'ÁV^TDb8�o�QeqTjbMLBTdeZR>S
� � � � � XrVWPB[ � � � ��� |BTDNQeqS YBPB_ � � ����LBbi��L�v 'P�NQeZPONQc 'ÁV^Tjbi�Q�oeZTDbMLBT YOcd[Meq|OS ²�YOPBRDS>�RDSjb^³3VW��LyS/4yY�VW_BNQT>\DtbMTjc,eZ[MN�~hbMLOXZTºtVWYBcdN � _OeZN�c,eqS z tV^LBXq[pV^Rd[MNo\�tYBXqXqSdYBPB_ eZc �h|BRDSUV^PB_NQeqPBNQR z NoPySjeZc,NoSjNQTjR�VWPBNQeqP�V^PB_BNoTj[MNoTjNoeZLpS�RjeZPO_�v£w<eZN,miNQeqSjNQPp��tV^PB_ONdYBPO_�_BNoP�¿9b8_BNoP�_OeZN��RjNoT z NoXZXqNQP3tYB|lNQT QeZNoLpSdNoeZPBN°¸6TUV^kOLBeqSjRj��LBeq��LyS � _BeZN�eqP�_BNQT z NQeq��LBPyYBPB[ �8v � x _OYBTj��LfNQeZPON[MNoRDSUTDeZ��LBNoXqSjN��£eZPBNdV^PB[^NQ_BNoYOSUN�S*eZR>SGv�w<eZN«¸�TjV^kBLBe¥SURj��LOeZ��LpS¾eqRDS�[MNQNoTj_BN�S*YBPB_�|OeZXZ_ONoS�NQeZPONt�54yYBeqk}bWSUNQPpSjerV^X @ tV^��LBN�\ tYBT�_�VWR�NQXqNQ`pSUTDeZRD��LBN'��NQXq_ � _BV^R��Mb^P§_BNQP§VWYO\�~hbi��LBRjkBV^PBPyYBPB[{[MN½�XZNo[^SUNoP���PBbi_BNQPO_BTºtV^LpSjNQP�eqP�_BNQT�©°e¥SjSUN�_BNoT z NQXZXqNQP§NoT QNoYB[^S��5eZTD_�v¹¨ eZN*_OeZN,w<Tje¥\®SUTjb^LBTjN_BNoT�� X �£�6my�Á©�ªMb^PB`sV^cdc,NQTDP�RDeZPB_�_BeZN 'ÁV^Tjbi�Q�oeZTDbMLBTjNd¸�V^RjeqbMPBeqRjeZNoTjYBPO[MRj_BN�SUNo`ySjbMTjNoP� �V^X¥�XZNoTj_BeqPB[MR��9NQTD_BNQP°RjeZN6N�S��VWR�V^PO_BNQTDR�V^XqR�_BeZN�w<TDeq\®SjTjbMLBTDN<|lNoSUTDeZNo|}NoP�v¨�NoPBP�NQeqP*[MNQXZV^_BNQPONQR X¬NQeZXq��LBNQP�_BYOTj��L�_�V^R�¸�V^R»NoeZPBNoT z NQXZXqN _BNoR�'ÁV^Tjbi�Q�oeZTDbMLBTjNoR»XtVWYO\®S �eZb^PBeZRDeZNQT>S NQR6¸�V^RjVWSUbMc,N^vlw6V^RhNQXqNQ`pSUTDeZRj��LON'��NQXZ_°eZP°_BNQT z NQXZXqN6SUTjNoPBPpS6_BeqN¾u�XZNo`ySjTjbMPi� 'bMP8�
=@V^V^TjN  »_BeZN«u�XZNQ`pSjTjbMPBNoP���V^PO_BNQTDP oYBc(klbMRDeqSUe¥�´[MNQXZV^_BNQPONQP���POb8_BNoPB_BTjV^LpS � _BeqN 'bMPONQPLBeqP oY�_ONQP z NQXZX¥� tV^PB_BNoP�v£w<eqN�u%XqNQ`pSUTDbMPBNoP´�9NQTD_BNQP�_�V^|lNQe�eZP�_BNoT � tV^LON,_ONQR���PBbi_BNQPi�_BTjV^LpSUNQR�RDb�RDS�VWTj`�|lNQRD��LBXZNoYBPBeq[^S � _BV^À6RjeqN�RjNoXZ|BR>S9¸�V^RjVWSUb^cdN9eZbMPBeqRjeqNQTjNoP¾YBPB_�NoeZPBN�'b^PBeZRDeZN��TjYOPB[MRjXZVG�5eZPBN,NQPpSUR>SUNoLySQv�¨�tV^LOTjNQPO_�|}Noe9_ONQP�w<TDeq\®SUTDbMLBTDNQP � _OeZN,eZc =�TjbMklbMT>SUeZb^P�V^XZc,bi_BYBR|lNoSUTDeZNo|}NoP¾� NoTj_BNoP � _�V^R%V^PO[MNQXqNQ[^SjN�NQXqNQ`pSUTDeZRj��LON ��NoXZ_¾PyYBT%VWYBRjTDNQeZ��LpS � NQeqPBN�`yXZNoeZPBN��±VG�5eZPONeZP�w<TjV^LpSUP±tVWLBN5V^YBR QYBX tbMRjNoP � eZP*_ONQT�_BeqN z V^LBXO_ONQT%u�XZNo`ySjTjbMPi� 'bMP8� =@VMVWTjN�kBTDbMklbMTDSjeZbMP�VWX QYOTz V^LBX¬_BNoT<kBTjeqc)tVWTjNQP =@VMVWTjN¾eqRDS � ��tV^LBX¥S�cdV^P)|lNQe¬_BNoP 'ÁV^Tjbi�Q�oeZTjb^LBTjNoP)_BeZN���PBbi_BNoPBRjk�VWP8�PyYBPB[¾RDb�LBbi��L � _�V^À�_BeZN��±Vº�5eqPBN�R>S�V^TD`�[MNQPyYB[�V^Pp��tV^��LBRDS � _�V^c,eqS%RD��LBXZeqNQÀMXqeZ��L,_BeZN NQPpSjRDSUN½�



� ��� � �  �����	��
�� � ���� �  ������� ���S� �	�  ��� � ��� � � � �

>

>1 mm

> >

Hochspannung

Iaroccirohr

GraphitschichtInfluenzstreifen

2 mm
2 mm

>

>>>
1 mm

���(�8� �4 #"�$&% �(' ��� ��� , 08795 ?9@.; 1C3:3 021 ; 025����	�
� B 7602143:0 ; ,.; <�����
� @>D�@ 0 ;
� + 7 D�?8? 147 D�@ 795 K
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:C|Ux�R�w^R�RC|Ux���8&� <(~@8&�H1���w�RUR {�~�R ~�� � ~�� �,�|Ux�~�}G}�w�yg�U|Ux�w�RHV6vUw^xTw^R)M�	S�SR w^R {9w^� x
~�}G� �4V N�0�K:M 3�RUw�x��SzGw��E~�5"w�RHV8zGR w�z�R | RUv�vE~��T��w�}75fw RBzG�TF��S�Sx�~;{�{ ~;| � F�x �|U�Sw@V < �|UxTvUw
{�~�RYnB�SxT{�~�}[RSw�xTF�w�z�}G|URU�Sw�R�{�z0F�R �~��Uw�x�|UR �S��<8w^zG��w�v w^x��Tw^}K5"w�R L(xTw^zGF�w �|95fw^x�}�~��Sw�x�R9|URUv9w^z[F
RUwBR �~��Uw�x�|URU����<8w^z��Twd�-~�|9U�z���8&� wQ>6w^x�F�w�z�}�| RU�Ww�x��E~;}GF�w�RH1=) �~�U�F({�~�R�Rg| x�3�x�w�z��SRUzG���Tw54�|HV zGR
vUw�RUw^R�vUz�w��Sw^��8&�«�~;F64hF�w 3�RUw^xT�Sz�w � V�N 0�K:M �|95fw^x���8&�Ux�w�zGF�w�F2V9R�w^x�<�z�xT� F�{�~�R�| RU�Sw��T�~;�Ux�,1p�=
~�}G}�w^x�36xTw^zG�SRUz��T��w�{�z0F�w^zGRUw^xJ3�RUw�x��SzGw�| RCF�w^xT�E~�}75 �4V N 0�K:MBV <W�~�� x�w^R v�vUzGw�� ��S�Uw^xTw^RUw�x��SwhF�z F
��8&� w^R�3�x�w^zG�SRUzG����w(|URE~�RU��w�F&~;�TF�whF 5U}Gw^z75fw^R?��vUw^xO)«w���w�x�RSw^xT�S}�w�z78&�Uw(�Uz�w�x>4^|�v z�w �Q595UzG}�vU|UR �
x=1 /Ep=1���RUv9����z��TFZ~����:~��ªRE~@8&�9vUw�{ 3�RUw^xT�Sz�w���8&�URUz0F�FbRE~�� wI4^|�RU�SxT{�~�}[RSw�xTF�w�z�}0F2V <�z�w�{�~;R
vUw�xL dx�~��U� z7:}x=1 /1/bw^R-F�RUzG{�{WF21�U |=RS��x <(~�xm�Tz�wJ5Ux�w�zGF�w�x�| RUv+RUzK8&�CFm�-~�|9U�z���8&�D1  d}�w�z78&�94�w^z0F�z��
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kein Schnitt auf die geschätzte Energie

geschätzte Energie > 2,5 GeV
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Kein Schnitt auf die geschätzte Energie

Stand.abw. = (272,5±0,4) µm

Stand.abw. = (205,3±0,3) µm

Geschätzte Energie > 2,5 GeV
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��z�w >6�SxT�Sw^� w^RU��<(w�z���w�V«vUz�wBM�	��SRU��� |UxWzGRªvUw^R ��wh��w^xTw^R94+:;~;{�{9w^xTR �SwhF�xTw^RUR-F 4^|jx�wGF
:���RU�TF�x�|UzGw^x�w�R�| RUvª�|95"w�x�vUz�w ��5U��F:�~�RUv w(~��WvUw�x�� 5"w�x�w�R9| RUv�|UR-F�w^xTw^R�y_�U|Ux�R��SR9vUw^R���R F
�gvUw^RUv x��~��-F�w�RªvUw^�V!�x;�|$#Uz�RU�S�j4^|ª{�z0F�F�w^}�RDV"{�~���vUw�{ w�z�RUw�Rj�gvUw�xd~�RUvUw�x�w�R�) w���w^x RUzK8&�-F
~�}G�B5fw^��F�{���S�S}�zK8&� w�x���8&� w^z�R w^RH163�x :"��SR RCF�wtvE~�x�~�R�vUw�R9:�w�RHV w�����w�z�5fw^���Tw^x+V <(w�RUR�{�~;R
4^| { L(w�z���� z�w^}"vUz�w�� 5"w�x�w���xTw^zG� ~�8&�Uw^}�~��Sw�v w^� !�x��|$#EzGRU�S� | RCF�w^xT��|98&�Uw�R�<8�S}�}Gw@VgvUz�wr7©x�w O w�x
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z�R�vUw^x�| RCF�w^xTw^R ��wh��w^xTw^R94+:;~;{�{9w^xB�Sw^�Sw�R?�|95fw^xdvUw�RL7�xTw=O"w^xTR\z�RtvUw�x�� 5fw^xTw^R ��w���w^xTw^R94GF
:�~�{9{�w�xB��8&� <W�~�8&�Uw^x*4�|\�Sw+<�zK8&�CF�w^R\|UR vtw^zGRUw��Sw�{�w�z�RU��~�{9w  dw^x�~�vUw�v |Ux�8&�\vUzGwg7©x�w O w�x
5fw^z�v w^x ��wh��w^xTw^R94+:;~;{�{9w^xTR�4�| }Gw^�Sw�RH1 ��| �(vUw^R w^xT�TF�w�R L(}Gz78&:�: ���RUR-F�w9{�~�R RSw�x�{+|_F�w^RDV
vUw�x �Q5U�TF�~�RUv ~��+vUw^xb����x�w+:��SRU��F�xT|Uz�w�xTF�w�R�y_�U| x8��F�z�{9{9w65"w�����w�x({9zGF6vUw�{¤F&~;F����~@8&�U}Gz78&�Uw�R
��5 �TF&~;RUv\~�� �|=5"w�x�w^zGRH1 M�~�R�:;~;RURt~@5fw^x(4^w�z��Sw�RHVEvE~@U�vUz�wd��x;�|U�Uw^x 5fw^��8&� x�z�w+5"w�RUw M`whF��U� F
vUw�V 5fw^z vUw�x8{�~�R9vUz�w�y_�U| x�w^R�z�R9vUw^R ��wh��w^x�w�R94;:�~�{9{9w^x�R9�SwhF�x�w�RUR-F�5fw^��F�z�{9{�F;VSvUz�w���w�}75fw dw^RE~�| z�� :;w^zGF�w�x>4�z�w^}0F21
ACB�� �SM*R\[@JLG^r�,iMrG^N _\M�� � ��[]V:N�T�a P�G^N�GIaYR R\[]UWV d5MrVLR b

P N hJLRL_LG^riM)� � M*POP�JLRtr

� w^RUR�{�~;R�{9zGF(w^zGRUw^xBy_�U| x(~�� � ~�� {9zGF � p�N AHC�  w�RE~�|UzG� :�w�zGF�{9z7U�F;V_w�x�{9zGF�F�w^}0F {�~;R
vUw�R)M`z0F�F�w^}K<8w^x�F 
 ~�� � ~�� � ~�| � ¡ � 	 * �	 O V�� ~�}�}G��RXM�	S��RUw^R�vE~�� 5"whF�x�~@8&�-F�w�F�w����S� x
vU|Ux�8&�9:Cx�w�|94^w�RH1��d~�RE~@8&� :�w^R RCF�{�~�R vUw^R ��x�~��-F�RSw�x���~;F64�zGR®vUw�x ��~S~��SxTw;8&�-F�w�RZ<8w^��w^R
vUw�x  d}�w�z78&�C|URU�}x41y/��Sw�RE~�|U�T�W�S|_F8| RUv�z�R�vUw^x8y_w�R9:Cx�w+8&�CF�w^R��Tw;8&�U�T{�~;}f��8&�U}�w+8&�-F�w^x+VC������w�x�R
{�~�R���z78&�`~�| ��vUzGwd{�z0F�F�}Gw^xTw^Re4+<8w^z ��xTzGF�F�w^}"vUw^�K!�x��|$#EzGRU�S� 5fw^��8&� x��~�R9:-F;1��z�wPR_zGw^}Gw�y_�U|UxTw^R���8&�URUw�z�vUw�Rtw^zGR����S� x vUw^�K!�x �|$#EzGRU�S���

�B{¤vUzGw ��x�~��-F��f�S�TzGF�zG�SR�z�R9vUw^xJ5fw^��8&� x�z�w+5"w�RUw^R ��w�z���w�{9w^���Tw^R 4^| :"��SRUR w^RHVC{+|9U�vUzGw
Y$~�xT�48+8^z�xT�S�UxT}�~��Sw��SwhF�x���O w�R���w�z�RH1;��w��Sw^R�vUw�xr/.C C vUz78&:;w^RW� �~�R vUwdvUw^xox\C C 5Ux�w�zGF�w�R
�-~��T�Sw��&�| }�}GF�w^R U w�}�}Gw^R�<(~�x�F�w^RªvUzGw\Y$~�xT�48+8^zGx��S�UxTw+RC|Ux�{9zGFBw^zGRUw^x 3 �Y4^zGw^R94 R��SR%x1p�=¯~�| � 1
M`z0FBv w^x HE�Sx�vUw�x�|UR ��RE~�8&��w^zGRUw^{&7©x�w O w�x�z�R�vUw^x Y$~�xT�48+8^z�xT�S�UxT}�~��Sw.R�w^x�<�z�xT� F�{�~�R����S{9zGF
~�| � ?Tw�vUw^RCHf~;}�} � p�= vUw�x.3�x�w�z��SRUzG���Tw@1 36����z�R vt���S�S~�xBwhF$< ~;�d{�w��Ux;VfR«�~�{9}�zK8&�tc x<= V <8w^z�}
{�~�R�4�|U�S}�w�z78&�`vUz�w��Sw^��{�whF�x�zG��8&�Uw ��: 4�w^� F�~�R94 RSw�x�xTz�RU�Sw�xTF;V <8w^R R\{�~�R`w^zGRUw^R 7�xTw=O"w^x�zGR
vUw�R�Y$~�xT�48+8^zGx��S�UxTw^R RSw�x�}�~�RU��F;VEvUz�w i1p%PGC |UR-F�w^x��U~�}75�vUw^x�|UR-F�w^x�w�R R��_vU����:����U��}�z�w��Sw^RD1

�d~�{9zGF�vUz�w�y_�U| x�x�w+:��SR �TF�xT|9:-F�zG�SR RUz78&�-Fm4�| Rgz�w�}�wY7�xTw=O"w^x�:;�S{ 5UzGRE~;F�z��SRUw�R®z�R w^zGRUw^{
3�x�w�z��SRUzG�B| RCF�w^xT��|98&�Uw�Rª{+|9U9V <8w^x�v w^R 3�x�w�z��SRUzG���Tw R�w^x�<8�Sx���w^RHV�zGR`v w^RUw�R\z�R�{�zGRUvUw^��F�w�RU�
w^zGRUw^x ��wh��w^x�w�R94;:�~�{9{9w^x�R�{�w��Ux�~�}G�WRUw�|UR �����Ux��SwhF�xT��O w�R ��zGRUvH1 M`~�R RSw�x�}�zGw^x�F+vE~@5fw^z
x�= v w^x 3�x�w^zG�SRUzG����w�1

Y4{ 3�zG��w^RU~@5U����x�5fw^x :"��SR RUw^Ry_w+:C|URUv«�~�x�F�w�z�}78&� w^R�w^xl4^w�|U��F <8w^xTvUw^RHV8vUz�w`vE~���|UR-F�w^xTw
RB�gvU�S��:��S��~�R9w^zGRUw^xb~�RUv w^x�w�R�yCF�w^}G}�w�~�}G��vUz�w M�	S�SRUw�R�F�x�w=O"w^RD1 � w^zG�TF6{�~�R�z�R�vUw�x(ygz�{+|4F
}�~�F�z���R�~�}G}�w�3�x�w^zG�SRUzG����wW4^|Ux;�|98&: VSz�R+v w^RUw�R�{�w��Ux�~�}G��4P<(w�z U��~��U}Gw^xmv w^�?|UR-F�w^x�w�RQRB�gvU�S��:;�S�
~�RU�T�Ux�w+8&�Uw^RDV R�w^x�}Gz�w�xTF�{�~�R�RU�48&� {�~�}G�?N<= v w^x 3�x�w^zG�SRUzG����w�1

Y4R?5"w�z�vUw�R ��w���w�x�w�R94;:�~�{9{�w�x�R {+|9U�?TwP<(w�z�}G� w^z�R w6y_�U|Ux«xTw;:���RU�TF�x�|UzGw^xTF <8w^xTvUw^R : ��SRURUw�RH1
L(w�zbw�z�RUw�x+yCF�x�w�zG��w�R 5 x�w^z0F R��SR!;�C C z�RjvUw^x\M`|U��F�w�x�w^x�:�w�RURC|URU�j�Sw^}Gz�RU��F v z�w^� 5fw^z�, ;�=
vUw�x R�w^x�5U}�zGw;5fw^RUw�R`�Tz�{+|U}Gz�w�xTF�w�R M�	S��R 5U~��URUw�RH1

Y4R ,-c<= v w^x`�|=5Ux�zG�Sw^R ��z�{�|U}�zGw^xTF�w^R�3�x�w^zG�SRUzG����w �ERUvUwhF+{�~�R�RC|UxWw^zGRUw^R R�~�| ��w�R®�SwGF
F�xT��O"w^RUw�x�yCF�x�w�zG��w�R�zGR�vUw^x Y$~�xT�48+8^z�xT�S�UxT}�~��Sw�1��w�RUR�{�~�R9Rg| R�vUz�wQM�	��SRUw�RUw^xT�Sz�wB��8&�«�~;F>4�F(|URUv�vUzGw 36xTw^zG�SRUz��T��w RSw�x�<�z�x�� F2Vgz�R9vUw^R w^R
vUw�x?y48&� �~;F64P<(w�xTF�� V�N 0WK:M�|UR-F�w�x���8&�Ux�w�zGF�whF2V RSw^xTx�zGRU�Sw^x�F©{�~�R�vUzGw'U�~;�U}-vUw^x 4^| x�>6w�xT�,�|U�S| RU�
�TF�w^�Uw�RUvUw�R�3�xTw^z���RUz��T��wW~�| � � x�= 1 ��z�w���w�x�U�~�� }�w^RW<8w^x�F��|95fw^xTx�~���8&�CF�RUz78&�-F2VfvUw�RURtz�R �q;�=
~�}G}�w^x�36xTw^zG�SRUz��T��wd�E~�5"w�R`vUzGw M�	S�SR w^R�w�z�RUw?3�RUw�x��SzGw RS�SR�{�w��Ux�~�}G� �4V�N�0�K:MB1
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alle aufgezeichneten Ereignisse

je 1 Spur in den Referenzkammern

genau 2 Treffer im unteren Hodoskop

Treffer in den Iaroccirohren

höchstens 9 Treffer je Referenzkammer

genau 1 Trefferhaufen in der Iaroccirohrlage

geschätzte Energie > 2,5 GeV
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��| � w^z�R w^R M�w�F�w�x@)b�~�R �Sw�w�z�RUw�� ?Tw�vUw^R ��x�z0� F�x����Ux�w���zG{ !�x;�|$#Uz�RU��F�xTw=O"w^R�v w^{9RE~@8&�
z�R RUw^xT�E~�}75Y/EpBygF�| RUvUw^R �� � 	 H /S� x-(fH � p�$;Hyp �f/fx 0 x-c p1pQM�	S��RUw^RH1 ��w^R?<(~S~��SxTw;8&�-F�w�R���x�~��-F�FRSw�x���~;F64 :�~�RUR�{�~;R�~�}��T��~�| � ¡ � 	 * �	 	 � � � 0 �\ADC |UR v`vUw�R���w^R=:gxTw;8&�-F�w�Rª~�| � /�� AHC �Sw^RU~�|
{9w^���Tw^RH1�L(w^zGvUw^{�~�}b}�z�w���FW{�~�R whF$< ~\w�z�RUwW  x2�� USw^R �Sx�vURC|UR �\|UR-F�w^x�v w^x�{9w;8&�E~�R z���8&� w^R dw^RE~�| z�� :;w^zGF RS�SR ( p�AHC 594+<?1 N p�AHC/V�{�z0F�vUw�x+vUw�x&!�x��|$#EzGRU�\z�R�vUw^x���~S~���x�w;8&�-F�w^R
594P<?1fv w^xBy_w^R=:gxTw;8&�-F�w�Rt�Sw+5E~�| F <8w^x�v w^R��T�S}�} 1

ACB�
 � MrP�N�GfH H JLRtr&_\M����ON�P b ��ZG^u N�d5M*G3N�b�� Mrd5GIM*VCJLRtr&GIH�� hJ�� GfRtr

��z�w ��x�~��-F��f�S�TzGF�zG�SR z�{'!�x;�|$#Uz�RU� :�~�RUR�{�~;R RU~;F��|UxT}�zK8&� Rg| x9{9w^�T��w�RHV <(w�RUR {�~�R vUzGw
a�xTF���F ��xTzG� F>4^w^z0F�F$L(wI4�z�w^�C|UR �Sw^R�zGR�v w^R ��wh��w^x�w�R94;:�~�{9{9w^x�R�|UR v`zG{ !�x;�|$#Uz�RU� :�w�RUR-F21 ��z�w
L(w��TF�zG{�{�|URU��v w^x a�x�F���F ��x�z0� F64^w�zGF�F L(w^4^z�w��C|URU�Sw�R�z�R�vUw^R���w���w�x�w�R94;:�~�{9{�w�x�R�zG�TF   w��Sw^R F
�TF�~�RUvtv w^��R«�~�8&�U�TF�w^R�< ~��UzGF�w^}G�;1 Y4{ RS�SxT}�z�w��Sw^R vUw^R"< ~�� zGF�w�} <(�S}G}�w�R�<�z�xB~�RUR w^�U{9w^RHVfvUzGw
a�xTF���F ��xTzG� F>4^w^z0F�F$L(wI4�z�w^�C|UR �Sw^Rjz�RjvUw^R ��wh��w^x�w�R94;:�~�{9{9w^x�R���w^zGw^R�5"w+:;~;RUR-F2V©|URUv 5fw2~�R-F�F
<8�SxTF�w^RHV9<�zGwd{�~�R�vUzGw a�xTF���F ��xTzG� F>4^w^z0F�F$L(wI4�z�w^�C|UR �Sw^R�zGR�v w^R������Ux�w�R`vUw�� !6x;�|$#EzGRU�S� �SwGF
<�z�R RCF;1

M�~�RQ�Sw^�-F`�Uz�w�x�5fw^zd�Sw�RE~�|U�T�X<�z�w 5fw^z vUw�R 7©w^�TF��TF�x�~��U}G{�w����T|URU�Sw�R RS�Sx+1QM�~�RO5"wGF
x�w+8&�URUwhFWv w^R ��5U��F&~�R vjv w^x?M�	��SRU�T�U|Ux RS�S{ ��RU�gvUw�RUvUx�~;�CF w�z�RUw��d�Sw�F�x���O"w^R w^R ���S�Ux�w��
vUw��%!6x �|$#EzGRU�S�+|UR v RSw^xT��zGw^�-F9z��UR®{9zGFWw^zGRUw^{ >6�Sx>4�w^zK8&�Uw^RHV ?Tw�RE~@8&� vUw^{ V?� 5 vUzGw�y_� |Ux
}�zGR9:C���gvUw�x�xTw;8&�-F���v w^x�y_�S}�}G�"����zGF�z��SR v w^� ��x�~��-F�w��BRSw�x�}Y�~�| � F21  dw^�Sw�R vUzGw^�Tw^R �Q5U�TF�~�RUv
F�x2�~���Fb{�~�R�vUz�w�z�{ �����Ux6�Sw^{9w^�T��w^R w ��x�z0� F64�w^zGF�~�| ��| RUv�w�x��«�~�}0F6vUz�w 5fw;:�~�RUR-F�w^R RWFY�T���x�{9z[F
�Sw�R�>6w^x�F�w�z�}�| RU�Sw^RDVfv w^x�w�RtvU|UR=:g}Gw Ld�~;RUvUw^xBvUz�w�a�xTF���F ��xTzG� F>4^w^z0F�F$L(wI4�z�w^�C|UR � <�zGw^vUw�x��T�Uz�wGF
�Sw�}�RH1Z) w^�;F�{�~�R w^zGRUw�~@8&�U��w�RU� 	g{9{�whF�xTz���8&� w ��| ���S}Gw^z78&� ��:C|Ux�R�wtvU|Ux�8&� vUzGw�M`w;US� |UR9: F
F�w�V6�Sw+<�zGRUR-F�{�~�R�v z�w`a�xTF�� F ��xTzG� F64�w^z0F�F L8wI4^zGw^�C|URU�jz�R vUw�R�|UR-F�w�x���|=8&�CF�w^R ���S�Ux�w�R vUw��
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!�x;�|$#Uz�RU�S�+1  dw^{��~@U�vUw^RG d}�w�z78&�C|URU��w^RLx=1 /+|UR vLx=1 /\:�~�RURt{�~�RtRC|URt~�|U��vUw�R ��z O"w^xTw^R4F
4^w�R�~�� � ~�� v z�wV!��S�TzGF�z��SR�vUw�x��BRU�_v w^RUvUx2�~��-F�w�z�{ !�x;�|$#Ez�R ��zGR�v w^x��®~S~;�Sx�w+8&�CF�w^R`|URUv
y_w�R9:Cx�w;8&�-F�w^R/5fw^�TF�z�{9{�w�RH1
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��z�w ��xTzG� F64�w^z0F�w^RDV-vUz�w�{�~�R�zGR�vUw�R ���S�Ux�w�R�w�z�RUw�x�M�	��SR9:�~�{9{�w�x8{9z7U;F2V@<8w^xTvUw^R�{9zGFbvUw�x
a�xTF���F ��xTzG� F>4^w^z0F�F$L(wI4�z�w^�C|UR ��z�R �B~�v z�w^R�| {��Sw�x�w+8&�URUw�F;1WL(w�z vUw�RY7©w^��F���F�x�~;�U}�|UR-F�w^x��T|98&�C|UR4F
�Sw�R :;�SRUR-F�w�R <�zGx(vUzGw a�xTF���F ��xTzG� F>4^w^z0F�F$L(wI4�z�w^�C|UR �+}�w�z78&�-F65fw^�TF�z�{9{�w�RHV <(w�z�}D<�zGx ~�|U� v w^R
M`w+US�U|UR9:-F�w^R�z�{¬y_z�}Gz 4^zG|U{�F�w^}�w���:;�S��~�|_��v w^R`y_�U|Ux�RSw�x�}�~;| �mv w^� M�	��SRU�u4^|Ux;�|98&:C��8&�U}Gz�w+USw^R
:���RUR-F�w^R9|URUv���F�w�F�� <�|9U�F�w�RHVSzGR <(w�}78&�Uw�{ ��5U��F&~�R v9vU~��JM�	S��R�~�R�v w^R ��RU�gvUw^R vUx �~��-F�w^R
vUw�x ���S�UxTw RS�Sx�5"w�z�} �~�| � F21 ���48&� <(~��dF�|URHVH<8w^R R�vUzGw �~�|9USw�x�w���w���w^xTw^R94���w^� }GF2V <�z�w�w�F$<(~
5fw^z vUw�R ��w���w�x�w^R 4;:�~�{9{�w�x�R�z�{ R ��S�Uw�RU�TF�x�~��U}G|URU�S�T�Ux �|_���TF&~;RUv ���z�x <(w�x�vUw�RjzGR�vUw�R/5"w�z�vUw�R����S}G�Sw^RUv w^R"!�~�x�~���x�~��U� w^RL4+<8w^z�>6w^x�� ~��Ux�w�R/:�w�RURUw^R }�w^x F
RUw�RHVCvUz�w |UR �(~�| �bv w^R �d~�F�w^R�vUw�x ��w���w�x�w�R94;:�~�{9{�w�x�R9vUz�w�a�x�F���F ��x�z0� F64^w�zGF�F L(w^4^z�w��C|URU�Sw�R
5fw^�TF�z�{9{�w�R\}�~��T��w�RH1�M`zGF v w^{ y_w�}75U��F�w�z78&�C|URU�S��RSw�xT� ~��UxTw^R17 ~�|98&� ��| F�� :�~�}�zK5Ux�~;F�z��SR ��RSw�x�F
� ~��UxTw^R��Sw�RE~�RUR-F 9 VUvE~;��  w��Sw^R �TF&~;RUv�vUw^� �|=5"w�x�R �~@8&� �TF�w�R �Q5U��8&� RUzGFTF�� z���F2V :�~�RUR�{�~�R�vUzGw
a�xTF���F ��xTzG� F>4^w^z0F�F$L(wI4�z�w^�C|UR � {9zGF�w^zGRUw^xW  w�RE~�|UzG� :�w�zGF�RS�SR /Ep�5Uz�� � p AHC 5fw^��F�z�{9{9w^RHV
RSw�x�}Y�~@US}�zK8&�j?Tw^vU� 8&��RC|Ux+V <(w�RUR�vUzGw�a�x�F���F ��x�z0� F64^w�zGF�F L(w^4^z�w��C|URU�9V;{�z0F�vUw^xb{�~�R�z�R9vUw^x���| F
F��@:;~;}�z75 x�~;F�z��SR�~�R �T�~�RU�;F2V-z�{ M`zGFTF�w�}URUz78&�-Fb{9w^�Uxb~�}G� � p1p AHC R��SR9vUw^x <(~��Ux�w�R�~@5W<8w^zK8&�CF;1
L(w�z�{ R+��S�Uw�RU�TF�x�~�� }�|URU�����Ux;�| ���TF�~�RUv��Sw+<�zGRUR-F�{�~�R�w�z�RUwd�T�S}78&� w ��R � ~�R �S��5fwI4�z�w^�C|UR ��{9zGF
w^zGRUw^x«�«����Uw^xTw^R% dw^RE~;|Uz�� :;w^z0FD�dwhF$< ~ � p ADC RE~@8&���,�|UR � 4^w��URU��FS�|URUv z��Sw�x�M`w+U14^w�zGF � V�z�R vUw^{
{�~�Rj~�| ��M�	S�SR ���U|UxTw^R�4^|Ux;�|98&:C�Sx�w�zG� F2V v z�w���w��Ux�RE~��Uw�~�R 4+<8w^z���x2�~��-F�w�R vUw�xV<�~;{�{9w^x
RS��x�5fw^z�}�~�| ��w�RH1

�CBED � Z[@V:N�POTLJ �M*RSdjJ  � MrPOPOJLRtr _\M  ��ON�P b �  G�u NOd(M*G^N b
� MjdjGIMrV{JLRtr

��������� �����! #"$�!%�&('*),+-�/.10324)5%(6#�578'*�/9:.10#�/'* #)
�B{ v z�w^��w^zGR94^| ��w^� w^RHVf�Sw^� w^R�<�zGxu4^|UR«�~�8&�U�TF.R��SR\yg�U|Ux�w�R\~�|U�+V vUz�w w^zGRUw^R ��x�~��-F�z�R�vUw�x
|UR-F�w�x���F�w^R\| RUv�w�z�RUw�R ��x�~;�CFBz�R�vUw�x�� 5fw^xT�TF�w�RL)«~��Sw w^zGRUw^x���w���w^xTw^R94+:�~�{�{9w^x :Cx�w�|94^w�RH1
U |U�S}Gw^zK8&��RUw^�U{9w^R�<�zGx�~�RHV;z�R�~�}G}�w^R ���S� x�w^R�w�z�RUw�x���x�w^z0� ~@8&�U}�~��Sw(v w^x�< ~�{9{�w�xm�Uw�x�x���8&�Uw
vUzGw^��w�}75fw�a�xTF���F ��xTzG� F>4^w^z0F�F$L(wI4�z�w^�C|UR �9V <(~�� ��zGRURWRS�S}G}?z���F2V <(w�RUR�~;}�}�w �����Ux�w�5fw^z?��}�w^zK8&�Uw^x
RB� 8&�U�T�E~�RURC|URU�=V(�S}Gw^z78&� w^xi7�w�{��fw^x�~;F�| x;Vb�S}�w�z78&�Uw�x   ~��T{�zG��8&�C|URU� |URUv��S}Gw^zK8&�Uw^{   ~���F
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vUxT|98&:)5fw�F�xTz�w+5"w�R)<(w�x�vUw�RH1 ��|Ux�8&��vUzGwªy48&�UR zGF�F��U|UR9:-F�w\vUw^x 5fw�F�x�~@8&�-F�whF�w�R M�	��SRU�T�U|Ux
|URUvªvUw�x 5"w�z�vUw�R ��x��~��-F�w�zG�TFdv z�w+�Sw�x�~�v wm7�w�z�}78&� w^R 5E~��UR RS��}�}���F:�~�R vUz�� 5fw^��F�zG{�{�F;1 ��zGw^�Tw dw^x�~;vUw�vU| x�8&�9tC|Uw�xTF�vUz�w�~�RUvUw�x�w�R\�Sw�F�x���O"w^RUw�R �����Ux�wWz�RtvUw�R ��5U��F:�~�R vUw^R��j|�1DY4Rtv w^R
�SwhF�x���O w�RUw^R ���S�UxTw^R <(w�x�vUw�R vUz�w���x�z0� F64^w�zGF�w^Rª[ 7��j| 9 �Sw�{�w����Tw^RHV�~�}��T��w�x��«�~�}0F�{�~�RjvUzGw!�|UR9:-F�w"7�[ 7��5| 9 ���j| 9 vUw^x�a�xTF���F ��xTzG� F>4^w^z0F�F$L(wI4�z�w^�C|UR �91 L(w^zbw^zGRUw^{ � z�RUxTw^z78&� w^RUv®��x�� USw�R��z�R=:�w^}K5"w�x�w�z78&��vUw�x M�	S�SR ���U|UxTw^RO:�w�RUR-F`{�~�R�~;| ��vUz�w���wC� w^z��TwtvUzGwªa�xTF�� F ��xTzG� F64�w^z0F�F
L(w^4^z�w��C|URU��~�R�����Rgz�w�}�w^R !�|UR9:-F�w^RHVEvE~�U9{�~�R�vUzGw��|95UxTz��Sw�RW��w�xTF�wd[ 7 ~ 9 {9zGF RBzG}G��w�w�z�RUw��
��| ���S}Gw^z78&� ���f�S}
	gRU�S{9��vU|Ux�8&� vUzGw 5"w+:�~�RUR-F�w�R !�|UR9:-F�w`�_v w^x�vU|Ux�8&� Y4R-F�w�x��f�S}�~�F�z���R 5"wGF
x�w+8&�URUw�R�:�~�RURH1

Y4R vUw^x«whl_�fw^xTz�{9w^R-F�w�}�}�w�RI!�x�~�l_z�� <�z�x�v {�~�R ~�|98&��~�|_�Ey_� |Ux�w�R 4�|Ux �|=8&:g��x�w^z0��w^R�{ �| ����w�RHV
vUzGw�RUzK8&�CF+vU|Ux�8&��vUzGw 4P<(w�z ��x �~��-F�w@V©���SRUv w^x�RZ5U}G� U�RU~��Uw�vUw�R ��x �~��-F�w^R RSw�x�}�~�| ��w^RD1�3��
5UzGw�F�whFb��z78&��~�RHVgyg�U|Ux�w�R�~;|U�>4�| < �~;�U}�w�RHV_v z�w vUzGw 4+<8w^z ��x �~��-F�w�?TwP<(w�z�}G�bzGR�w^z�R w^{ �Q5U�TF�~�RUv
�E~��T��zGw^x�w�RHV-vUw�x�z�R�vUw�x  dx���@USw^RU��x�vURC|URU� vUw�xba�xTF���~�|$#©�����|URU� 5fw^z�{ ��x�z0� F�x�~�vUz�| �Opdz���F21 Y4{H ~�}�}Gw�vUw�� R�w^x�<(w�RUvUw�F�w^R < ~�{9{�w�x��-~;��w^�.<��| x�vUw�{�~�Rª��~��Sw�RHV vUw�x ��x�~��-F w^zGRUw^� ���S�Ux�w��
��w�z RS�SR w^z�R w^{ M`| �SR ��w�F�xT��O"w^RHV � ~�}G}���vUzGw�z�{ ���S�Ux �Sw�{�w����Tw^RUw���x�z0� F64^w�zGF :C}Gw^z�R w^x�~�}��
/ NW§�e�z��TF^kCvUw^RURL/ NW§ e�w^R-F����UxTw;8&�Uw�R`w�z�RUw�{ ��xTzG� F�x�~�vUzG|U��RS�SR�cqp1p\AHC/VgvUw^x8|URU�Swh�T�~��UxTw^R
a�xTF���~�|$#«��S��|UR �B5fw^zG{ ��~�vUz�| �5p41H��|UxdvE~;����x�~��-F��T�U|Ux�RSw^x�� ~��UxTw^R :"��SR RUw^R ~�|98&��y_�U|UxTw^R RSw�x�<8w^RUvUwhF\<8w^xTvUw^RHV«vUzGw+vUzGw
Y$~�xT�48+8^z�xT�S�UxTwdRUz78&�-F�F�xTw=O"w^RH1

��5fw^x ��~�{�{9w^}0F�{�~�R��|95fw^xT�E~�|U� F <W�~�� x�w^R v�w�z�RUw�x��,�|UR ����FS�|URUv z��Sw�R\M�w^���T|URU�B�Sw^Rm�| �Sw^RUv
Rgz�w�}�w ��x�~��-F��T�U|UxTw^R�~�RDV�| {
v z�w(adx�F�� F ��x�z0� F64�w^zGF�F L(w^4^zGw^�C|URU��{�z0F«vUw^x�RSw�x���� x�� 8&�Uw^RUw�RW dwPF
RE~�| z�� :;w^zGFZ4�|�w�x�{9zGFTF�w^}GR �6Y4{ ��RU�U~�RU� �zG�TF6�Uw�x��Sw�}�w�zGF�whF2VSvU~@U vUz�w�ygF�w^zG�S|URU� C¬vUw�x�M�	WF
�SRU�T�U|Ux?zGR�vUw�x 3 5"w�RUw �Tw^R9:Cx�w+8&�-F 4�|+vUw�R���x �~��-F�w�R+z�R�vUw^x�M`zGFTF�w(v w^�?� 5fw^xTw^R%R��_vU����:����U�
z�R��S|_F�w^x(n �~��Uw^xT|URU�9vUw^x6>6w�xTF�w�z�}G|URU�
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�Sw�R?�|U��F;1mygz�w��E~;FWw^zGR M�~:l zG{+|U{ 5fw^z C " p=V vH1J�H1«vUz�w�{9w^z���F�w�R M�	��SRUw^R���z�R v�z�RjvUw�x
3 5"w�RUw���w^R=:gxTw;8&�-Fr4�|`v w^R ��x��~��-F�w�R��E~�x�~;}�}�w�} 4�|Uxu4PF �Q8&�U��w�1 �B{ ~�| ��v w^x�ygF�w^z���|URU�S��RSw^x F
F�w�z�}G|URU� � w�z�RUw ��~;F�w �,�|Ux ?Tw�vUw ��x�~��-F�F ��x�~��-F�F <d�SR �E�S| x�~;F�z��SR]4�|�w�x��E~;}GF�w�RHV-{+|9U {�~�R���zGw
{9zGF vUw�{ H ~@:-F��Sx

p � � N�H1/Ep � e ¥�� H . p �,c C C/ N C C / H ��H p �,c C CN p p C C
{+|U}0F�zG�U}�zy4^z�w�x�w�RH1 ��w^R RtRE~@8&�tv w^x �Q595Uz�}GvU|URU� x=1 /���:;�S{�{9w^R�w�F$<(~ep=V���N_H /Ep � 3�x�w�z��SRUzG���Tw
�UxT�®y_w+:C|URUvUw�R�z�RXL(w�F�x�~@8&�-F2k6zGR � � � � �� 	 � � 0 p � p ;-cªvUzGw^�Tw^x�3�x�w^zG�SRUzG��w�F�xTw=O"w^R�vUzGw�M�	WF
�SRU�T�U|UxTw^R�w�z�RUw�R ��x�~��-F z�R\v w^x w^xT�TF�w�R ���S�UxT}�~���w�k v z�w9y_�U| x�w^RDV©v z�w�~�|=8&� vU| x�8&��w�z�RUw�R
��x�~;�CF�z�RWvUw^x�}�whF64�F�w^R����S�UxT}�~���wb}�~�| ��w�RHV �|95"w�x�vUw+8&:�w�R9w�z�RUw�R�ygF�w^z���|URU�S��5"w�x�w^zK8&�+vUw�x�L(xTw^z[F
F�w ¡ " � � � � �	 � � � � " �_� x�H /Ep ¥ � 1 Y4RjvUw^x 7�~@5"w�}�}Gw%,=1y/�zG�TF�vUz�w�RU~@8&� �&�|UR_� 4^w^� RU�TF��|URUvUzG�Sw^x\M`w^� F
��| RU��w^x�< ~�x�F�whF�w!U�~�� }fv w^x�y_� |Ux�w�R��,�|Ux8v z�w�~;{6!�x;�| ���TF�~�RUv�~�| � F�x�whF�w^R vUw^R���x�~��-F�F ��x�~��-F�F<d�S{ 5UzGRE~;F�z��SRUw�R���~�{�F(vUw^R ��~�vUzGw^R��j|�~�|_���Sw��&�|U� xTF2VgvUzGw�{�~�R�zGR�vUw�RF< ��R �E�S|Ux�~;F�zG�SRUw�R
�UzGR94^|U��w+<�z�R RCF;1 ��w�{ ) w���w^x(�TF�zK8&�-F ��zK8&�Uw^xT}�z78&� 4+<8w^z�w�x�}Gw^zfz�R�vUw�xW7�~@5fw^}�}GwBzGRU� �B|U�Sw � U |U{
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