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GQhilzf`hid|w stlzac��}c��rgpulzhi°`pzlu��r·�ghidJy$acf`hi�gdglz}�}chidK�~hQaE)qhQ}�mo}�moaob�rgpz[KhQ}�}c�gdgf<fehQf`hidN��g�¨hQacfehQ}�mchQpupumW�

F�GIHJGIH K�LNM�OQPRM�SUT 8�V SUM�WYX>Z�S\[!M>]=^=W�_.`BSaZ�]5`UO&^=WcbJM>S 8�d M�S!e�f�Z�SUM�W
gih	jlknmpoqmposram.t	tuh�t>v
��hQdgd+hQlzd�rg_���rghidghQa�f`himclz}c��r~hQ}t��*e_`d8w@��be}9}�hQl hQludO�x*`_`d�[KlumNhQlzd~hQa9{�lzdgh�molz}���rghQdOy$dghQa¬¡
f`luhv]`_`dS[KhQrga�bepz}�y{z}|Q~s��w+}chidg{�achi��r�mvbe�~��hQludghk��*e_`dg{�be[K[+hiaªlz[ [+bef`dgh�mc�±hQpu�~�±achilzhid
��be�g[Kh9mcacln��mQwWhQa$GQhQ�~fem-hi}�hidjmop¤b�dgf;}�hQludghQaqf`hQacbe�ghid,2-pu�gf`��ber~d ��~�gpzlu��rghQa�s.hilz}chB}chi��rg}E)qach��¤¡
�±hQaiwqstluhOhi}·lzd��ghQa·�v�g�glupz�g�~dgf��~�?y�b�dgf`hQ�~hQ�~mchimJlu}�mW���Vluh+lud��ghid"f`himcac_e��hQd~hQd��t_`rgachid
f`hi[+hi}c}chidghQd(�Vacln��m:GQhilumchQdA���<hQdjmo}I#gachi��rghQd4�~hQd��;be�~lzhQdx�{��;����B�����{�.�~hQa���hidglzfehQd�9ka�hQlu}chew
�gluhNm�bedgfehQdjmolzbepjbed��ghQa²f`hiaobe�~hQd·��*`_`d~}+#g�ga�bedgpulzhif`hQd|���<be}	$xlzhipe�ghia " #g�gaca�hQ{�_`dg}�mcac�g{jmclz_`d
lz}�mVhi}Qw|b��g}v�ghid��Vacln��moaob��glzhidU�gd~�4�ghQd Gi�gf`hir²�_`acluf`hQd��Vaclu��mc{�achQlu}chidDbe�~�$�~lzh " #g�gacfehQaob��gh
GQ�~ae��g��{�GQ�~}c��rgpulzhQ°ehQd|����hQlupv�gluhD��*e_`dg{�be[K[+hia�_e��mo[+bepu}+[KhQrga�bepz}+}chQ��r~}�)qach��xhia�achif`ln¡
}�mcacluhQa�mQw-Gi�g[�'.hQlu}+#gluhQp w��gbO}cluh�]`_ed " ��r�be�ghia�mchQlzpu��rghQdDfehimoa�_e��hQd�stluac�|w¨[@�g°�[+bed\GQ�~]e_`a
rghiaobe�g}�«�dg�ghid|w�sBhQpu��rgh,9<_`[·�glzd�b�molz_edghQd�}�hQ��rg}Vfehimoa�_e��hQdghiaD�t_`rga�h�mobedgf`hid�mcl¤bep²b�dUhilzdghia
f`hiaobe�ghid4�x*`_`dg}I#g�ga;pzlzhif`hQdx�
$x�@�gluhQ}chi[�$�sBhQ��{�f`a�hQlu��m�[+bed·hilzdgh�9k_e[@�glzdgb�molu_`d�}�hQ��rg}$fehimoa�_e��hQdghia��t_`rgachBrghQacbe�g}iw

�gluhv]`hiac}c��r~lzhQ�~hQdghid��t_`rgacpzbef`hidSbedgf`hir �_`achid|� �Ulnm��ghi[2_`�¨hQa�}�mohidS�gdg�S�gdjmohiac}�mchQdÀf`himcac_e�¤¡
�±hQd~hQd!�t_`rga�h�pzhifem+[Obed�hQludghQd " moa�hQlu�±hid �±hi}�mWw lzd �ghQ[ �gluh ��g�~aclzfehQd ]�luhQa��Vaclu��mcaobe�~lzhQd
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pzluhQf`hid�[ ��g}�}chid|���vd G�s.hil 9ka�hQlu}cht{�bedgdO[+bedJ]�lzhia9]ehQa�}c��rgluhQ�ghidgh�)�bedgf`hid�mchQd�b�dgpzhif`hQd|wj}�_
��be°J[+bed�mob�mo} �be��rgpzlu��r�dglz��rjmtd��gaªhilzdghid|w~}�_`dg�ghiacdS]£luhQa " moachilu�±hid��±hQ}�mcpzhifemW�]\\dÀ�~hQa�^$aobq3£lu}
�¨hQ}�mclz[K[·mk[+bed��glzhi}ch�]£luhQa )�bedgf`hid�mchQd"d~lz��rjm�hl3~be{jm1w4_`�gf`puhQlu��r!�~lzhQ}iw|stlzh�stlza<}I# �b�mohia
}chirghQd�sBhQac�~hQd|wj[��_`f`pulz��r�s��b�ach=w¨w�}c_`dg�~hQacdxwj�g[��thQ��rghid�GQhilumSGi�K}I#�bea�hQd|w`d��ga$d��berghQa��gdgf`}¬¡
sBhQlz}�he�²��hidgd"�gluh+��*`_`d~}+#g�ga·}chQd~{�a�hQ��rjmKbe�~�.�glzhO��*e_`dg{�be[K[+hia Gi�gp\�b��~��mWw²�¨hQa���~rga�m�}cluh
��hQ�~hQd}�Va�lu��mo{�a�hQlz}�lud�hilzdghi[®�ghQaq�¨hQlz�~hQd " ��rgdglum�m #g�~dg{jmoh.�~hQ}��Va�lu��mc{�a�hQlu}chQ}²[Klum²�ghia��;��rg}ch�w
be�~���ghQa��glzhO�Ulum�mohip #g�gd~{�mch+�~hQa,�t_`rga�hO�ghia���hidglzf`hid C²bef`h+}clnm:GQhid|w�s.hipz��rghia@��be}�f`himcac_e�¤¡
�±hQd~h��t_`rga�bed~f`hQr �_ea�mW� " _e�±hQa�d��~lzh+��*`_edg}+#g�~a�dglu��rjm·b�pzp!Gi�g}chirga<]`_`d!hQludghQak}�hQdg{�achi��rjmohQd
" #g�~a�b���sBhQlu��rjmWw²�gpzhilz�~mV�glzhi}ch��v�g}�}obefeh+lud!fe�~mohia�_ �berghiac�gd~fUa�lz��rjmolufg� �<berghia<pzhifemk[Ob�d
�g�ga���rO�gluhtf`hQd�b�dgdjmohQd " ��rgdglnmcm+#g�gdg{jmoht]�lzhia.¥<hQacbe�ghid|w`s.hipz��rgh��gluhD$xhidjmoachidO�ghia " moa�hQlu�±hid
}cludg� �´[+bed4]`hiacf`puhQlu��rgh��glzh@�;�g�glupz�g�gd~f��~� �����u�<b�stlza�GQ�ga1�Vhi«gdglumclz_`d4�~hQa " mcachQln�±hQd��gluh
�be�g°ehQac}�mohidXG�s.hila��_`r~achª�ghia " hQ��rg}�hQa�{e_`[@�~lzd�b�mclz_`dKrghiaobedgfeh7GQ_ef`hQdKr�be�¨hQd��gdg���gluhQ}�h�]`hQa¬¡
}c��r~lzhQ�~hQdghid �Vachilu�´be��rgpzbef`hidUb�dgf`hQr �_`achid|w }clzd~��}cluhk}c_+sBhQlnmt]`_`dghilzd�b�dg�ghQa�hQdjm��±hQacdjm}�´him\s.b
�7za`cb^lu[ 2¨b�pzpzhª�~hQa5'ed " ¡&9kbe[K[+hiacda��wj��be°@�gluhQ}�hf_ �b�rghQa��gdgfJbe�~��rO� ��ga.�~lzh�f`hQ{�achi��GimchQd
" mcachQln�±hQdÀlzdS�ghia��;�g�glupz�g�gd~f �~� �@lzr~ach�¥ ��gpumclzf`{�hQlum���hir �bepumQ�U�<be}%$xhid�mcac�g[^�~hQ} " moa�hQlu�±hidg}Qw
lzdU�ghQ[��gluh@��*e_`dg}I#g�ga<pzluhQfemQwg� �bepzpnmt[+lnm��ghQaV��*`_`d~}+#g�ga<lud�h�m\s�b�[Klum��ghia<¥<hQd�be�~lzf`{�hQlum
�ghiaJy$lzd�GihQpza�_`rgacbe��gq�_`}��gdgfih GQ�g}cbe[+[KhQdxw��ghia�¥<hQd�be�~lzf`{�hQlumQw²[+lnm·�ghia·[+bed"lu[ �Ulum�mohQp
hQludghQd �Vacln��moacbe�glz�~}@[+lu°emW���Vlzh��v�jsBhQlu��r��~dgf"�ghi} �Va�lu��moacbe�glu�g}%��hQ�~hQ}�s.hilumohiachid �t_`rgachi}
�ghia " hQ��rg}�hQac{�_`[@�glud�b�mclz_`d�]`_`[ $xhQdjmoacbepz�¨hQa�hQlz��r~hK�~hQ} " moa�hQln�±hQdg}kr�b�m�b��g��r��~lzhK¥<hQd�be��¡
lzfe{ehQlnmjh-� �¿lupzpt[Ob�dµbepz}�_�[KlumKhQludghQaK�"b�rgac}���rghQludgpzlu��rg{ehilum�]e_`dlk�k<m bepupzh��Vacln��mo{�achilz}ch
be�g}�}c_`d~�ghQa�d|w �glzhkbe�£���~hQa;��*`_edg}+#g�~a;pulzhQfehQd|w£[@�g°�[Ob�d�hQlzd~hQd��$nn@fn"o h�p
qrh�pl��s�o �"h
�ga�hQlumchQd " moa�hQln�±hQdKbedg}�him:GihQd|�.'.hil�hQludghQa9[KlumcmcpzhiachQd�y$lud�GQhipzac_ergaobe�]g �_`}c�~dgfk�g[#�gluh�ynz�z�t�b
s �bea�hÀ�~hQa " moa�hQln�±hQdvu<�7zit�b �gachilumQ�E�9_`aJ�ghi[ ©;lud�mchQa�f`ac�gd~� �gluhQ}�hQa ��;�¨hQa�pzhif`�gdgfDstlza��
]`hiac}�m �bedg�~pzlz��rxw�sBhQ}�r�bepz�+}clu��r(y$bwb2bepz} " mcachQln�±hQd��ga�hQlumch�� ��~aB�gluh " #g�ga�achQ{�_`dg}�moac�~{�mclz_`d��¨hQl
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�ghidN)qhQ}�mc}�mcaobergpu��b�mchQd"b�pz}<�¨hQ}c_edg�ghQa�}·f ��~dg}�mclzfÀhQa�stluhQ}�hQd�rgb�mOº y{��» �M_;be��rg�ghi[ [+bed��gluh
]�lzhia " mcachQln�±hQd�be�~}v�ghid �Va�lu��mcaobe�gluhQdÀ�ghQaVbe[^s.hilumohi}�mchQdD]`_`d~hQlzdgbedg�ghiaVhQdjmc�±hiacdjmohidN�t_`r£¡
ach��ghia " hQ��rg}�hQac{�_`[@�glud�b�mclz_`d�f`hisB_`dgdghid"r�b�mQw���hiachi��rgdghim·[Ob�d�����~a5��hi�ghQd��ghQaS��g�ga�lzf`hid
]�lzhia )�a�hi��hQa��ghid¹�;�g}�mobedg�	�D�D�ghiax�Va6�berjmohD�~hQa�f`h�moac_��xhidghQd���_ergach4]e_`[ $xhid�mcac�g[
�ghi} " moa�hQlu�±hidg}ª�gdg��]ehQacfepzhQlu��rjmªlzrgd�[Klum.�ghQ[ f`hQ[KhQ}�}chidghQd��Vacln��moaob��glz�g}J�{���-2 bepzpu} ��h�s.hilzpu}
sBhQdgluf`}�mchQdg}thQludghV�;��sBhQlu��r��gdgf�
 �{�
���D��
jf`a �_`°`hQa�bepz}B�glzhVrgbepz�¨h " mcachQln�±hQd��ga�hQlumchVlz}�mWw�]`hQa¬¡
stlza���mt[Ob�dU�gluh " hQ��rg}�hQa�{e_`[@�~lzd�b�mclz_`dx���ehi�gh " hQ��rg}�hQa�{e_`[@�~lzd�b�mclz_`d}��hQ�g_���r|w �¨hQl�s.hipz��rghia
bepupzh �Vacln��mo{�achilz}chKlzd�hQludghQ[ " mcachQln�±hQd"pulzhif`hQd|w�stluac�"�ghia·}I# �b�mohiachid�f`hQd�b��ghQd " #~�gaca�hQ{e_ed£¡
}�mcac�g{jmclz_`d_Gi�gf`hi� ��~rga�mQ��_;�ga·sBhQd~d [+bed�{ehilzdgh " hQ��rg}�hQac{�_`[@�glud�b�mclz_`d�«�dg�~himWw-�glzh��gluhQ}�h
'.h.GQlzhir��gdgf�hQa�� ��~pzpumQwe}��g��rjm�[+bedJd�be��r+hQlzd~hQa�2 ��gd£�±hQac{�_`[@�glud�b�mclz_`d|w��glzhª�~lzhQ}�hQaJ2�_`ac�~hQac�~dgf
hQdjmc}+#ga�lz��rjmW� \\}�m<[Ob�d�be�g��r�rglzhiavhia��±_`puf`pz_`}iw }c�g��rjm�[Ob�d GQ�gpuhim/Gimkd�be��r�hilzdghiaVf`hQhilzf`d~himohid
�VluhQa�hQac{�_`[@�glud�b�mclz_`d|�

���Uj8r�� t�� m.t k���� t�m���� m��Ampr � t	jlknoqh�r k!��� t�j"� m.o�#$�&%�osm.t

_vb���r·�gluhQ}chia��U�g}�mchQa�hQac{�hQdgd��gd~fksBhQlu°;[+bed|wQ_`��[+bed ��g�¨hQa�r�be�-#~m�lz[K}�mobedg�gh$lu}�mQw6[+lnm��ghQ[
)qachi��hQa�[@�g}�mohQa�hQludgh���*`_edg}+#g�~avlzdS�ghiaV�x*`_`dg{�be[K[KhQabGQ�Àachi{e_`dg}�moa��glzhiachQdx�¨��hQdgdU[Ob�d
{ehilzdghQ�Vlzhiachia�¡�w 2;��~d~�±hQa¬¡�_��ghQa " hQ��r~}chQa�{e_`[·�glzd�b�molz_edDf`himcac_e��hQdghia��t_`rga�h·f`h��±�gdg�ghidDr�b�mWw
�gluh@[Ob�dD[+lnmVhQludghQa<fehQaob��ghQd���*e_`dg}+#~�ga�lud�y$lzdg{�p¤b�dgf��ga�lzdgf`hid���bea��¬w��gaclu��rjmk[ObedD�~hQd
�9hQa�}c�g��rxwqhilzdghK�x*`_`dg}I#g�ga'GQ��achi{e_`dg}�moa��glzhiachQdxwqdgbe��r��~hQa��U�g}�mohQa�hQa�{ehQd~d��~dgf�be�|� 2 bepupz}
[+bed ��hi�g_���r¶hQludghx)�a�hi��hQa�{e_`[@�~lzd�b�mclz_`d�f`h��±�gdg�ghid¶r�b�mQw9lzd��ghQa�hQd " moachilu�±hid f`hid ��gf`hidg�
]�lzhipzhx)�a�hi��hQa+pzlzhif`hQdxwN� �berga�mK[+bed��±_`pzf`hidg�ghiac[+be°`hQd��±_`a�mWw9�gdg� Gis.beaO[KlumD��hi�ghQa 9k_e[�¡
�glud�b�molu_`d|w��gluh�]e_`d4�ghia<�U�~}�mohiachiac{ehidgd��gdgfUbed4�gluh " #g�gaca�hQ{�_`dg}�mcac�g{jmclz_`d4sBhQlnmohQa�f`hQpuhQlnmohim
stlza��|�
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h p� ���g�?yn�
{�pzhilzdg}�mo[ �_`f`pzlu��r@lz}�mW¼`�gbe��hil�lz}�m��������! " #�$�B�~lzh%$|bergp~�ghQa�)qachi��hQaiwj�glzhªfehQ[ �be°<�ghQd�9<aclnmohQa�lzhid
�ghia��U�g}�mohQa�hQa�{ehQd~d��~dgf�sB_`rgp.be�~�thQludghQa@¥khiaobe�~hQd"pulzhQfehQd|w��{�K�ghQa@lu[³{j¡ mohid���_`r~a·�ghia
9<_`[@�glud�b�mclz_`dSf`hi[+hi}c}chidgh}�Va�lu��moacbe�glu�g}Qw hU���glzh·¥khid�be�gluf`{ehilum��gluhQ}chia<�Uhi}c}��gdgfS�gdg� ���
�ghiaq�;�g}�mobedg���ghQa²�¨himcaobe��rjmoh�mohidJ¥<hQaob��ghQdk]`_`[ " lzf`dgbepz�gacberjm��ghi}�{`¡ mchQdQ��_ergachi}Q� " _`pzbedgf`h
�gluh ��*`_`d~}+#g�ga�[+lnm��ghid,�t_`rgacpzbef`hid<hQlzd~hQdk]`_`d _;�gpupe]`hiac}c��r~lzhQ�~hQdghid@�¿lzdg{�hQp�hQludg}c��rgpulzhi°emWw
{�bedgdÀ[Ob�dÀ�~hQd " #g�ga�]`hQa�p¤be�£�N�g�ga���rU�~lzh�¥kpuhQlu��r��~dgf% � b'&)(1q+*�&
lzdUhQludghQ[c9<_£_eac�glud�b�mohidg}I*�}�mohQ[��¨hQ}c��r~achQlu��hid|wxlud��ghi[��glzh'G�¡\�;��rg}ch·}chQd~{�a�hQ��rjm�be�~�$�~hQd
�t_`rgacpzbef`hid¶}�mchQrjmW�5�<be}A9<_�_`ac�glud�b�mchQdg} *£}�mohi[ be�g}O�ghQ[ pzh�m:GimchQd 9kb<#glnmohip w9��be}�lud¸�ghia
�v�~�glzpu�g�gdgfx�g� @lGi�ga�y9a�lzdgd~hQac�~dgfUhilzdgfeh7GQhilz��rgd~him�lz}�mQw�f`hQ}�m�b�m�moh�m�hi��hidg�gluhQ}chj^-beacbe[Khimoa�ln¡
}cluhQa��gdgfg��\\d~�ghQ[ [+bedD�gluh � p ¡&2��gdg{jmolu_`d �g� y�bepz}�2 �~dg{jmolz_ed!�~hQa " mchQlzfe�gdgf b'&@�gd~���ghi}
�v��r~}chQdgbe�g}c��r~dglum�mo},*#&v[+ludglz[Klzhia�mQwjhQacr��bepumª[+bed��~lzh&��hidglzfehk¥khiaobe�~hew£����~aª�glzhV�gbe}ªbedgfehQf`h�¡
�¨hQdgh � p [Klzd~lz[+bep¨stluac�|�
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�t_`rga�s �b�dg�ghQdµfehQ}c��r~p¤bef`hidµr�b�m��~dg�µd �berghia�be[ �Vaob�r�m�bepz}+��be}S�x*`_`d¸]e_`ac�¨hQl�g�lzhif`hQd|w
sBhQ}crgbepz�K}cluhªhQlzdJ�±a ��grghQa�hQ} " lzfed�bep~fehQ�¨hQd|w�bepu}$hQ}9�ghi[#�v�g}�m�bed~�O�ghi}.�x*`_`dg}9]`_e[/�Vaoberjmch
hQdjmc}+#ga�lz��rjmW��y$lzdghª�;�g}cdgberg[Kh�}�mohipzpum9�gbe}J��_`r~a�yn@<��beaQ�`©;lzhia$lz}�m9��be}��;¡ '�bedg���¨hQl�f`a �_`°`h�¡
achid!�Vacln��moacbe�glzhid�be�g��r¸dgbe��r¸_`�¨hQd¸r~lzd be�g}cfehi�±aob�dg}�mQ���VluhUy$puhQ{jmoa�_`dglz{��~lzhQ}�hQ} 9�b�d�bepz}



������� � ��� ���D� � ��� � ��� ���
	,���
	 � � � ��� �D��� ���
	 � �6�
� ���D��� �	� � � sBy

abgedeckter
vom STEL

Bereich

2 4 6 8 10 12 14 16

0

100

200

300

400

500

600

700

t:r {chan==23 && t>-20.0 && t<720.0}

-15 -10 -5 0 5 10 15

0

100

200

300

400

500

600

700

t:r {chan==22 && t>-20.0 && t<720.0}

-14 -12 -10 -8 -6

0

100

200

300

400

500

600

700

t:r {chan==21 && t>-20.0 && t<720.0}

-15 -10 -5 0 5 10 15

0

100

200

300

400

500

600

700

t:r {chan==95 && t>-20.0 && t<720.0}

-15 -10 -5 0 5 10

0

100

200

300

400

500

600

700

t:r {chan==94 && t>-20.0 && t<720.0}

4 6 8 10 12 14 16

0

100

200

300

400

500

600

700

t:r {chan==167 && t>-20.0 && t<720.0}

-15 -10 -5 0 5 10 15

0

100

200

300

400

500

600

700

t:r {chan==166 && t>-20.0 && t<720.0}

-14 -12 -10 -8 -6

0

100

200

300

400

500

600

700

t:r {chan==165 && t>-20.0 && t<720.0}

0 2 4 6 8 10 12 14 16

0

100

200

300

400

500

600

700

t:r {chan==239 && t>-20.0 && t<720.0}

-15 -10 -5 0 5 10 15

0

100

200

300

400

500

600

700

t:r {chan==238 && t>-20.0 && t<720.0}

-16 -14 -12 -10 -8 -6 -4 -2

0

100

200

300

400

500

600

700

t:r {chan==237 && t>-20.0 && t<720.0}

-15 -10 -5 0 5 10 15

0

100

200

300

400

500

600

700

t:r {chan==311 && t>-20.0 && t<720.0}

-15 -10 -5 0 5 10 15

0

100

200

300

400

500

600

700

t:r {chan==310 && t>-20.0 && t<720.0}

0 2 4 6 8 10 12 14 16

0

100

200

300

400

500

600

700

t:r {chan==383 && t>-20.0 && t<720.0}

-15 -10 -5 0 5 10 15

0

100

200

300

400

500

600

700

t:r {chan==382 && t>-20.0 && t<720.0}

-16 -14 -12 -10 -8 -6 -4 -2 0

0

100

200

300

400

500

600

700

t:r {chan==381 && t>-20.0 && t<720.0}

STEL

Myonstrahl

Abstand/mm
D

rif
tz

ei
t/n

s
D

rif
tz

ei
t/n

s

Abstand/mm

D
rif

tz
ei

t/n
s

D
rif

tz
ei

t/n
s

D
rif

tz
ei

t/n
s

D
rif

tz
ei

t/n
s

Abstand/mm

Abstand/mm

Absorber

1 2 3

4 5

6 7 8

9 10 11

12 13

14 1615

700

600

500

400

300

200

100

0

700

600

500

400

300

200

100

0

700

600

500

400

300

200

100

0

700

400

300

200

100

0

500

600

700

400

300

200

100

0

500

600

700

400

300

200

100

0

500

600

0

100

200

300

400

500

600

700

700

400

300

200

100

0

500

600

700

400

300

200

100

0

500

600

700

400

300

200

100

0

500

600

700

400

300

200

100

0

500

600

700

400

300

200

100

0

500

600

700

400

300

200

100

0

500

600

700

400

300

200

100

0

500

600

700

400

300

200

100

0

500

600

-15 0 15 -15 0 15

700

400

300

200

100

0

500

600

Abstand/mm

2 8 16 0 15 -14 -6

Abstand/mm

-15 -10

-15 0 15 -15 0 10

8 16 -15 0 15 -14 -8

0 8 16 -15 0 15 -16 -8 0

0 8 -15 0 15 0-8-1616

Rohr 14 Rohr 15 Rohr 16

Rohr 12 Rohr 13

Rohr 9 Rohr 10 Rohr 11

Rohr 6 Rohr 8Rohr 7

Rohr 5Rohr 4

Rohr 1 Rohr 2 Rohr 3

�������������� "!$#�%���	 DX6N4 L<*;. ��69?96 �;6�03. 45*;?9*;25ICHCT 4���'���� 9 � *;254+69.7. 45* �e(+4+2 Q�0 (V6NS�4 �-*;6N4 Q
6 * �;6N*;> 038<AC*;8 S �0<( �G L3*-( AC*;2+@C.145*;8 0e@�45*;8 HB>38<* *;698<*;8 7 ��25HC(H��*-( 69.
DGFCHB832545(V@C>3? ��*;6 L3*-(Y836N*;L<(/6NAC*;8 0 6�25I"(/69.�6983@�45HC(/2+=V>"W *;?�?N*CZ



s7� � �f� ���	��

��� � �Y� ����� � ��� � ��� ��� � � � ��� � ����� ������� ��� � �

r�b�m·_e��hQd���bea@d~lz��rjmJ_�#~mclz[+bepN�±�gdg{jmclz_`dgluhQa�mW���¿lzhKstlza·�~d�mchQd��±hQ}�mo}�mohQpupzhid�s.hiac�ghid|w-� �bepupum
�gluhQ}chi} ��_`r~aQw�s.be}�}chilzdgh dVa�mo}�¡ �Vacln��m:GQhilum�¡&'.h.GQlzhir��gdgf4�gd~���~lzh dVa�mc}obe��g �_`}c�gd~f�b�dgf`hQrjmQw
be�g}.�ghQa��thQlurghe� '.h�]`_`a�stluaB�gluh�dVa�mc}�¡&�Va�lu��m/GQhQlnm�¡ '.h7GilzhQr��gd~f��gd~���glzhfd<a�mo}cbe��g �_`}��gdgf��ghia
hQlud�GQhipzdghid �t_`rgach���hi}�mclz[K[+hid|w }chQl���hi[+hiac{jmWw���be°+�glzh��gdjmohQa�h " #glnm:Gih@bepupzhQat]j¡ � �_`a�[+luf`hQd
' �bed~�ghQa;��hilz[��v�g}�m�bed~��z+pzluhQfemQw�s�be};��hipzhifemWw¨��be°+�glzh ^�_`}�lumolu_`dghid��ghiaV�vdg_��ghidg�ga �b�r�mch
achip¤b�mclu]XGQ�g[ " lzpzl1GQlu�g[·mohipzhi}c{e_<#�aclu��r�mclzfJf`h�s �bergpnmt}clzd~�|�
�;[��glzh dVa�mo}¬¡&�Va�lu��m:GihQlnm�¡&'Bh7GQluhQr��gdgfK� ��gaVhilzd �t_`rgaIGQ�D�¨hQ}�mclz[K[+hid|w¨}c��rgdghilz�gh�mk[Ob�d

��be}��g�~dg{�pzhx'�bed~�¶be�~}K�~hQaGdVa�mc}�¡&�Va�lu��m/GQhQlnm�¡ �9hQa�mchQlupz�gdgf�be�g}i���VhQd�hQa�p¤be�g�£mohQd
'.hiachilz��r
º z�bwb 2�y{� 2;�$bwb!ºe�ghQaJ�Va�lu��moacbe�gluhQd+GihQacpuhQfem9[+bedJlud �:�7@�\\djmohQa�]�bepzpuh��ghQa�'BachQlnmoh�s�z�t�bD�
\\dÀ�glzhi}chQd \\djmohia�]�bepzpuhQdS�¨hQachi��rgdgh�mv[+bed��ghid4�UlnmcmchQpusBhQa�m =�{�<�ghia�fehQ}ob�[+[KhQpnmohQdx�Va�lu��mcaob�¡
�gluhQd�}�_6stlzhO�~lzhO��bq3£lz[+bepz}�mohipzpzh =���K�ghQa'GQ�gf`hir²�_`a�lzf`hid\�Vacln��m:GQhilum�]`hQa�mohilzpz�~dgf`hQdx�|�v�~�t�~lzh�¡
}chK��hilz}�h+hiacr²�bepnm·[+bed!�glzhjdVa�mc}�¡&�Va�lu��m/GQhQlnm�¡ '.h7GilzhQr��gd~fÀlud �q�7@ " me��~m:G�#g�gdg{jmchQd � =���?2 =���{�
� �����py02 9�9 9 2 �:�7@��:���U$�stlz}���rghQdÀ�gluhQ}chid " m ��~m/G�#g�gd~{�mchQd4ludjmohQaI#�_epzlzhia�mª[+bed�pulzdghQbeaQ�

Rohr 5

Rohr 2

Rohr 10

Rohr 13

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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¥ky9�$_�).¡ ��hQlud¶f`hip¤be�~hQdghi} )qhQlzpu��rghQd¶��h�s.hifemWwBlz}�mKd �b�[+pulz��r�dglz��rjm�fep¤b�m�mWw$}c_edg�ghQa�d¸hQlud
^�_ep?*�f`_`d�Gi�gfg��\\d­�ghid­f`hiaobe�ghid " mcachi��{ehQd)G ��gf`hid �¨hisBhQf�m4}clu��r¾��b�}()qhQlzpu��rghQd¯�±achil�[Klum
�ghi[ �vlzhQa�hQa�lz[ #g�gpz}iw$�ghQdµhi}�be[ �;d~�´bedgf"�~hQ} " mcachi��{ehQd)GQ�gf`hi}Uludgdghir�b�mW�=�VlzhSf`hiaobe�~hQd
" mcachQ��{�hQd�G ��gf`h;�ghQ}Y^�_ep?*�f`_`dg}$�¨hQfelzdgdghid���Gisk�`hidg�ghid+ludK}�_`f`hid�bedgdjmohid � '*!���� +������
	 + #&% !-+��
\\dÀ�ghQdÀy$achilzf`dglu}+#g�~dg{jmohQdSstlza��S�ghQa�)�b�mo}cbe��rgh1��hi��rgd��gdgf+f`himcaobef`hid|wg��b�°K�gbe}tf`hQpzbe�ghQd~h
)qhQlzpu��rghQd�[Klum|�~hQ[��Uhi�glz�g[ÀwW�g�~ac��r���be}²hQ} g�luhQfemQwWlzd<��hQ��rg}�hQpustluac{��gdgftmoa�himchQd�{�b�dgd|�s�Vlzh
�¿lza�{��gdgf`}
!��~hQac}���rgdglnmcmoh��ghia�^9a�_=GQhi}c}�hew��gluhV� ��ga��gluhQ}chV��hQ��r~}chQpnstlza�{��~dgfK]ehQacbedjm\s._`a�mopulz��r
}cludg�|w�f`hi��hid�bed|w�[Klum$sBhQpu��rghQa �"ber~ac}c��r~hQlzd~pzlz��r~{ehQlnm.hilzdghiaB�~lzhQ}�hQa ^$ac_=GihQ}c}�hVd�be��r+�ghQa f`h�¡
aob��ghQd���hif`}�mcachi��{eh�b��~��moa�lumcmQ�|y$djmo}I#gachi��rghQdg���~lzhQ}�hQd��"b�rgac}���rghQludgpzlu��rg{ehilumohid�s �ber~pumk�ghia
�thQ��rgdghia+s��ber~achQd~�¸�ghQa " lz[·�gp¤b�mclz_`d�hQlzd~hQd¶hiacpzbe�g�~mchQd ^$a�_=GQhi° GQ�~���b�pzpzluf�be�g}iw �~hQd¸��b�}
)qhQlzpu��rghQd�lz[³y$achilzf`dglu}+#g�~dg{jmoh�hiacpzhilz�gh�mW���VhQa7\\[ #g�gpz}��gdg�"�~lzh�y$dghiacf`luh+�~hQ},)qhQlupz��rghidg}
�bedg�~hQacd¯}clu��r¹�gbe�g�ga���r¹lu[ bepupzf`hi[+hilzdghid¸lz[ y9a�hQluf`dglz}I#g�gdg{jmQwª}c_���be°�hQ}Àpzh�m:G�mohQd~�gpzlu��r
be�~��{ehilzdghia;fehQaob��ghQd|w�}�_`dg�ghiacdÀhQludghQatf`hi{�a ��g[K[·mohid('�b�rgdSp �be�~��mQ� ��;�¨hQa�pzlu��rghQa�s.hilz}chk}�him:G�m
[+bedO�gluh " ��r~aclum�m\s.hilumchV�ghQ}e^�_`p *£fe_`dg}/Gi�gf`}ª{�pzhilzdghia.b�pz}.}�hQludgh;��hQ��rg}�hQpnstlzac{��gd~f`}cp �bedgf`h<lud
�ghi[ �Uhi�glz�g[Àw-lud��ghQ[ hQ}J}�lz��r���h�«�dg�gh�mWw$}�_!�gbe°D�glzh _ �berghiac�gd~f!hilzdghi}}#�_ep?*�f`_`d�b�pzhQd
" #g�~a�]`hiacpzbe�~�±}ªstlza�{�pulz��rg{�hQlnmo}cdgberÀstluac�|�
y$lzd@rg_���rghidghQa�f`himclz}c��r~hQ} ��*e_`dJp �be�£��m��~�gac��rJ��b�}$¥kbe}�]e_`pz�g[KhQd�hQludghQ}E�Vaclu��mcac_`r~achQ}qd�b�¡

rgh.GQ�!�gd�be�gfehQpzhidg{jmWw|sBhQ}�s.hif`hQd��ghQa7^�_ep?*�f`_`d�Gi�gfS[+lnmVhilzdghia�¥khiaobe�ghidVGQ�g}cbe[+[KhQd£� �bepzpnmW�
�VhQa �Va�lu��mcaobe�glu�g}Qw��ghQaklu[ �Vacln��moa�_`rgavlu[��UlnmcmchQp$achif`lz}�moa�lzhQa�mVstlza��|w|lu}�mkf`puhQlz��r��ghi[ �v��¡
}�mobedg�S�gluhQ}chiat¥<hQaob��ghQd�]e_`dS}chQludghQ[ �vdg_��ghidg�gaob�r�mQ� ��bed�{�bed~d�lzrgd��¨hQa�hQ��rgdghid|w�lzd~�ghQ[
[+bed·luacf`hidg�ghQludghQd " moa�hQ��{�hQd�be�~}c��rgdglnmcm �ghi}
^�_ep?*�f`_`d�Gi�gf`hi}MGQ�@hilzdghia$¥<hQacbe�ghQd�]`hQa�p �bed~f`hQa�m
�gdg���ghid��;�g}�mobedg���glzhi}chiaO¥<hQacbe�ghid�]e_`[R�;dg_£�~hQdg�gacberjmohS�¨hQ}�mclz[K[·mW�q��hidgd�}clz��r(��h�¡
�g_���r¶hilzd¶}�hQrgaKhQd~hQacfelzhWb�ac[KhQ} �6¡\y9puhQ{jmoa�_`d�lz[ ¥kbe}�]e_`pz�~[+hid¶�ghi} �t_`rga�hQ}O�¨hisBhQf�mWw9lz}�m
}chilzdgh�2-pu�gf`��b�rgd®��g�gpulz��rghia�sBhQlz}�hSdglz��rjmKf`hQacbe�gh�wNs.hilzpª}clu��r�}chQludgh�2-pz�~f`aclu��r�mc�gdgf�lzd��~hQd
y$achilzf`dglu}+#g�~dg{jmohQdO}�m�b�ac{U�bedg�ghiacd+{�b�dgd|�]_vb�me��gacpulz��rKlz}�mBhQ}B[4�_ef`pzlu��r|w`�ghid��v�g}�m�bed~���glzhi}chia
)qhQlzpu��rghQd~}+#g�gaV]e_`[ " lzf`dgbepz�gacberjmoh�f`hQd�b�� GQ�DhQa�[+lnmcmchQpzdxw¨ludg�ghi[�[+bed4}�lz��rD�ghid�f`hQ}cbe[�¡
mohid " #g�ga�]ehQa�p¤be�~�|[+hiac{jmW�p�VluhQ}$lz}�mBbepzpuhQac�~lzdgf`}-}chQr~aB}I#�hilz��rghiaobe�~��sBhQd~�glzf��gdg�+stluac��lzdK�ghia
]`_eacpzluhQf`hidg�ghid " lu[@�gp¤b�molz_ed��g�gac��r�hQlzdS]`hiachilzd~�´be��rjmchQ}D�9hia��´berga�hQd4hiac}�him:G�mWw¨��be};lzdÀ�v�g�glupn¡
�g�gd~f1�~�?ynzV_e��hid@]`hQacbedg}���r�be�gpulz��rjm lz}�mQ��'.hilg�gluhQ}chi[6�9hia��´berga�hQd��¨himoacbe��rjmoh�mB[+bed@d��ga$�~hQd
" mcachQ��{�hQd�Gi�gf·dgbe��r+�~hQ[
hiac}�mohQd+y$achilzf`dglu}+#g�~dg{jmoht�gdg�J]`_ea$�ghQ[ pzhim/GimchQdKy$achQluf`dglu}+#g�gd~{�mch
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bestimme r  und r  ,21

r

r1

2

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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lz[ ¥�b�}�]`_epz�g[KhQd|�u�V�gac��r��¨hQlz�~h " moachi��{ehid�pzhifemk[+bed!¥khiaobe�~hQd|w��ghiachid��v�~}�m �b�dg�ghJ]`_`[
" luf`d�bepu�gaoberjmch��?�N�~dg��� p }�hQlzhid|�p�VhQd���be�glzhid8�?�N�~dg� � p hQdjmc}+#ga�hQ��rghid��glzh��Va�lu��m:GihQlnmohQd,� ��gdg�x� p �g��hidgd���b�}�fehQp¤b��ghQdgh )qhQlupz��rghid|wgs.hipz��rghi}v��b�} " lzf`d�b�px]`hiac�ga�}obe��rjmVrgb�mWw�Gi�ga�$xhQlum
� �-lz[#hiac}�mchQdOy9a�hQluf`dglz}I#g�gdg{jmch��~lzh " mcachQ��{	�$��]`_ed+�ghiaB�;�g}cpuhQ}�hQ}chilumch;�ghiaJ��_`r~achQ}9�gd~� GQ�~a
$xhQlnm � p lz[½pzhim/GimchQdÀy$achQluf`dglu}+#g�gd~{�mchk�glzh " mcachi��{eh
� p ]`_`dÀ�ghQat�;�g}cpuhQ}chi}chilumohkhid�m��±hQa�d�m�lu}�mWw��bed~d�hQaca�hQlu��rghQd��gluh " luf`d�bepuhew��gluhVbe�~�q�ghid���hilz�ghid " mcachQ��{�hQdÀhQa$GQhQ�~fem�sB_`ac�ghidS}clzd~�|w~��b�}
�v�~}cpzhi}chihQdg�gh�lzdSf`�~mchQa�_ �berghQa��gdgfYGQ�À�ghQd�$xhQlnmohQd
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������� 	�����gdg�

� p 1 ����� 	���� � � p q\� p q
� p

���
��� 	���� 2sB_`��hil£�~lzh9�v�g}��gachilumc�gdgf`}�f`hQ}���r�stludg�gluf`{ehilum ������� 	���� �ghQa " lzfed�bepzh$hidjmop¤b�dgfv�ghi}E�Vacberjmohi}-d�b�¡rgh.GQ�"f`puhQlu��r!�~hQa � be{��g�g[Kpzlz��rjmcf`hQ}���r�stludg�gluf`{ehilum�lz}�mQ� " moa�hQdgfUf`hQd~_`[+[KhQdxw�[!��g°�moh�[Ob�d
}�mob�mcmS�~hQaxC �bedgf`hid�� �D�glzh�C �bed~f`hD�ghQa ^$a�_q��hQ{jmolu_`d¿�ghQa " moachi��{eh ��� ����be�~���ghQd �Vacberjm
dghirg[+hid|w²be�¨hQak�gluhQ}ch��¨hQlu�ghQd�¥<a �_`°`hid��gdjmohQa�}c��rghilz�ghid"}clu��r�d��gaklud!�~hQa7_ �ber~hK�~hQ}�be�g}¬¡
f`hipzhQ}�hQdghid
��_`r~achQd~�ghQ}@hiacrghi�gpzlu��r|w�sB_D�gluhAC²be�~� GihQlumc{e_`a�achi{�mc�ga·]ehQacdgbe��rgp �b�}c}cluf`��bea·{�puhQlud
lz}�mW�U2 bepupz}�[KhQr~a;b�pz}ªhQludUfehQp¤b��ghQdghi}�)�hilzpz��r~hQdÀlzdShQludghQ[�y$achilzf`d~lz}ª�g�ga���r�hilzd���_ergaªs�bed�¡
�ghia�mWw�r �bepumª[+bed�stluh<lz[ m�b�mc} �be��rgpulz��rghid�yE3 #¨hQaclu[+hidjmtd��~aª��be}ª�±a ��gr~hQ}�mch�bepzpuhQa�hia/GQhi�gfemchQd
" luf`d�bepuhv�±hQ}�mW�
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�Vacln��m:GihQlum�]`hia�mohilzpu�gdgf������ 
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 �<�K�¨hQ}���rgachilz�~mS�ghid¿be}I*�[K[+h�moa�lz}c��r~hQd
�9hQa�p¤be�£���ghia��Va�lu��m:GihQlnmc]`hia�mchQlzpu�gdgfgw��ghQa GisBhQlnmohK�ghQd�}I*�[K[+h�moaclu}c��rghid|���Vlzh 2��gdg{jmolu_`d�� �
f`lu�~mt� ��gaE��hQ�ghid �;b��glz�g}��Kbed|w�stluh�feac_`°K�ghQaD'.hQlnmoacbef��ghQ}vbe}I*�[K[+h�moaclu}c��rghid��;d�mchQlupz}�lz[
�9hQa�f`pzhilz��r GQ�~[2}I*�[K[+h�moaclu}c��rghid��;d�mchQlup|lz}�mW� _;be��r��Vhilzpzhi}t�Uhi}c}c�~dgfOlu}�m
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y`w �
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'.hi�ghQ�~mc�gdgf"�~hQa�2 �~dg{jmolz_edghQd � p � �<�@�gdg� � G � �<�@stluac��{�p¤beaiw9sBhQd~d¸[Ob�d lud hilzdghid '.h�¡achilz��r!f`hQrjmQw�lzd��ghQ[ ���v]ehQac}���rjstlzdg�gh�mW�	�<bedgd�lz}�m�d �be[Kpzlz��r ����� 
 �<�;dglu��r�mc}·b�dg�ghQa�hQ}�bepz}
hQludgh _;_`a�[Obepn]`hia�mohilzpu�gdgfD[Klum��ghi[ �ÀlumcmchQpns.hia�m�� p � �<�@�gdg�¸�~hQa " m�bed~��beac�gbe�js.hilz��r��gdgf
� G �������a�Vlzh�2��gd~{�mclz_`d�� p lz}�m��glzhk��[+{�hQrga��gdgfO�~hQa1dVa�mo}¬¡&�Va�lu��m:GihQlnm�¡&'Bh7GQluhQr��gdgf � �������U�Vlzh2��gdg{jmolu_`d � G lu}�mJlud"}chirgaJf`�~mchQa�_ �berghiac�gdgfDfepzhQlu��r h n � � wNbepupzhiac�gludgf`}�}�molu[+[KhQd��glzhO}cln¡[@�gpulzhia�mohid
�Vaclu��m/GQhilumc]ehQa�mohQlupz�gd~f`hQd��¨hQ}�}chQaK[Klum��ghid f`hi[+hi}c}�hQdghid ��g�¨hQachilzd|wNsBhQd~d¸[Ob�d
� p �����5;���z 2�k<��nCh�� �<� n ��� �����.}�him/GimW�\\d+�~hQa.�U_`djmoh�¡�¢�bea�pz_�¡ " lz[@�~p¤b�mclz_`dks.hiac�ghid��gluh��Vaclu��m/GQhilumohid�}�moh�mo} f`hQ[ �be°k�ghia��9hia�mchQln¡
pz�~dgf�� � � 
 �<�-hQa$GQhi�gfemWw`sB_`�¨hQl �gluhªhQlzd)GQhQpudghQd��t_`rgacht�gluhfGQ�~]e_`a hl3 #�hiaclu[+hid�mchQpupg��hi}�mclz[K[�¡
mohididVa�mo}�¡ �Vacln��m:GQhilum�¡&'.h.GQlzhir��gdgf`hid��gdg�À�v��g �_e}c�gdgfe}��±�gdg{jmclz_`dghid�hiacr�bepnmohid|�
�Ampr � t	j�k{o:h>r k���� t vam��Nm.j{j�m.t>m.oAh	t �!j � �Rh ��� mponknmpo8g ��� t�j��	h�osm.t
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¨�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
�'j �
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42 Zähler

38 Zähler

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
YBPpSUNoTjNQP)~hbi_BbMRj`WbMk�_OeZNQRDNQXq|}N�c,eqSjSjXZNoTjN('­c,kBYBXZRDRDS tV^Tj`WN�eqLBTjNoT �hYBRj[MV^PB[MRÁ�Rjeq[MP�V^XqN�L�VW|}NoP§YBPB_§_�V^À�_BV^RjRDNQXZ|lN�\�tYBT�_BeZN z tV^LBXZNoT�eqc b^|}NoTjNQP´~ b8_Bb^Rj`^b^k§[MeZX¥SGvlw<eZN�V^P_BeqN,�hYBRj[�tV^PB[MN,_BNQT6¯%NoTD�ieZNoXq\¦V^��LBNoT�[MNQRD��LBXZbMRDRjNoPBNQP�w<eqRj`yTjeqcdeqP�VWSUb^TjNQP�`¹tb^PBPBNQP�_�V^PBP´eZP8�PBNoTjL�V^Xq|��DNo_BNQR�~hbi_BbMRD`^bMkOR�c,eqS6NoeZPBNoT6NQeqPBLBNQe¥SUXqeZ��LBNoP�mi��Ly�9NQXqXZN,|}N�SUTDeZNQ|lNQP��9NQTj_ONQP � _BeqNRjb«[MNo��tV^LOXqS �5YBTj_BN � _BV^À«RDeZN�PyYBThNQeqP§m8eq[MP�V^X±V^YORj[MNo|}NoP � �9NQPBP§NoeZP°[MNQXZV^_BNQPONQR �¬NQeqXZ��LBNoP_BYBTD��L�_BNoP)m@VQeZPpSjeZXZXZVWSUb^T9[MNoXrV^Y8\]NQP{eZR>SGvw<eZN{mieZ[MP�VWXZN«_ONQT,w<eZRD`iTDeZc,eZP�VsSUbMTDNQP��9NQTD_BNQPgNQeqPBNQTDRjNoeqSUR�VWYO\ z NoeqS>�Áw<eZ[^eqS�VWX¥� ¨�V^PB_OXZNQT[MNo[MNQ|lNQP � V^PO_BNQTDNQTjRDNQe¥SUR{� NoTj_BNoP0RjeqN VoY�NoeZPBNoc ��YBRDX tbMRDNQT{XZbM[^eZRj��L �MNoTj`yP tYBk8\®SGv)'­P�_BNoT��YORjX­tb^RjNQTDXZbM[^eZ`�_BNoR6~¾tbMLONQPBR>SUTUVWLBXZYBPO[MRjkBTWtYO\]RDSUV^PB_BR<�5eqTj_��MNQTDXrV^PO[^S � _�V^À�c,eZPO_BNQR>SUNQPOR�NQeqPm VoeZPpSUeqXZXrVsSUeZb^PBRRVMtV^LBXZNoT¾eZc b^|}NoTjNQP ~ b8_ObMRj`WbMk¢NQeqPBNQP ��TDNo³}NQT�V^P0VQNQeq[^SdYBPB_¢eqc YOPySjNQTDNQP~hbi_BbMRD`^bMk¢�9NQPOeZ[MR>SUNQPOR�NQeZP <@VMV^T�tYB|}NoTjNoeZP�V^PO_BNQTDXZeZNo[MNQPO_BNQT z tV^LBXZNoTd[^NoSUTDb^³}NQPaeZR>SGv ©°eqS_BNoc(��YORjX­tb^RjNQT��5eZTj_�_BeZN��hYO\ VQNoeZ��LBPyYBPO[´NoeZPBNoR*u�TjNoeZ[MPBeqRjRDNQR�V^c <�T^tYO\]R>S�V^PB_�[^NQRDSUV^TDSjNoS �YBPB_I_BeZN+*hLBTDNQPaVWXZXZNoT�eZc ��Y8\]|�V^YI�^NQTD�9NQPO_BNoSjNQP z NQeqS>�Áw<eq[MeqSUV^X¥�·¨�V^PO_BXqNoT��9NQTD_BNQP¢�^bMPeZLOc
V^PB[^NQL�V^X¥SUNoP�v
- � * ��� +)/21l= : �<J 4 	��¢: � ? 	 
�	 ��1325462 �O7�2 . �
¨ tV^LBTDNQPB_�cdV^P{|}NoeZc�b^|}NoTjNQP°~hbi_BbMRD`^bMk�PyYBT5_�V^TjV^YO\@V^��LpSUNQP�c¾YBÀ � _�V^À,_BeZN<w<eZRj`yTDeZc,e¥�P�VWSjbMTjRD��Lp� NoXZXZNoP´V^XZXqNQT z tV^LBXZNoT�TDeZ��LpSUeq[«[MNoRjNoSRVoS�RDeZPB_ � eZR>S6|}NoeZc YBPpSUNoTjNoP�~ b8_ObMRj`WbMk�NQeZPONV^YBRD[MeZNo|BeZ[^NQTjN�u�eZ��LyYBPO[�NQT>\]bMTj_ONQTjXqeZ��L � _BV cdV^P�PBeZ��LpS�|BXZbMÀ��5eqRjRjNoP��5eqXZX � � NoXZ��LBNoT z tV^LOXZNQT±eqPNQeqPBNQc�u%TDNQeq[MPBeZR�[MN�SUTDb^³¹NoP´�9bMTD_BNQP�eqRDS � RjbMPB_ONQTjP�V^YB��L�V^YBR���TDNo³}NQTRVoNQe¥SUkBYBPO`ySjNQP�NoeZPBNoPu�TjNoeZ[MPBeqRRVoNQeqSjkBYBPB`pS*|lNQTDNQ��LBPONQP��5eZXZX � V^YO\ _BNoP�V^XZXqN�V^PB_ONQTjNoP z NQe¥SUNQP�|lNLVobM[MNoP�� NoTj_BNoP�v~heqPpSUNQT�_ONQc Vo�9NQe¥SUNoP�¯%bMTDL�V^|lNQP�RDSjNQ��`pS�_OeZN6\]bMXZ[^NQPB_BN t* |}NoTjXqNQ[MYBPO[Bv
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H

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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u�eZPa©{ªMbMP ��eZNo[MN°RDNQPB`yTDNQ��LpS�_BYBTD��L¢_BNoP¢~¾tb^LBNQPBR>SUTjV^LBXZYOPB[MRjkOT^tYO\]R>S�V^PB_	�¦RjeqNQLBN���|i�|BeqXZ_BYBPO[ � v x�

� |lNQe�RD��LBTºtV^[^NQPamikBYBTjNoPfc´tYBÀ^SjN�c«VWPg_OeZN�[MNocdNoRjRjNoPBNQP z NQeqSjNQPgV^YO\h_BeqN[MN tV^PB_BNoTDSUN��@XZYB[?VQNQe¥S�_ONQR�©�ª^bMPBR*LBeqP�|lNQTDeZ��LpSUeq[MNQP�v�T�VW��L�_BNQT*w<TDeq\®SRVQNQe¥S�
�� � PBV^��LB_BNoc_�V^R¾©�ªMb^P�NQeZP�w<Tjeq\®SjTjbMLOT�eqc ��YO\]|BV^Y�[MN�SUTjbW³¹NoP�L�VWS � �5eqTj_�eqP�_BNoc(¼5bMLBT�NQeqP�m8eq[MP�V^X|lNQbM|�VW��LySjNoSQv w6V^R«©�ª^bMP¢`yTjNoYSVoS«_�V^R,YBPpSUNQTDN)~ b8_Bb^Rj`^b^k¢P�V^��L¢NoeZPBNoTdmiSUTDNQ��`^N���v�w6VNQR«P�V^LBN$VQYac,eqS,_BNQT �±eq��LpSU[MNoRj��Lp�5eZPB_OeZ[M`WNQeqS�� ��eqNQ[^S � [MNQRD��LBeZNoLyS{_OeZNQR VQYBc z NQe¥SUkBYOPB`pS
� � v�w<NoT5u�eZPBRD��LBXrV^[^kBYBPB`pSh_BNQR�©�ªMb^PBRheqc�XqeZPB`yR5V^YBRD[MNQXqNQRDNQPBNoP�m VQeqPpSUeZXqXrVWSjeZbMPORRVptVWLBXZNoT9_BNoR~hbi_BbMRD`^bMkOR¾eZR>S¾_BeqN�miSjTjNo��`^N��5&��MbMP�_ONQT��hYBRjXqNQRDNQRjNoeqSjN�NQPpSj\]NoTjPpS � _BNQT�u%eqPBRj��LOXrV^[MkOYBPB`pSeZc TDNQ��LpSUR�V^YORj[MNoXZNQRDNQPBNoP z tV^LBXZNoTh_OeZN*mySUTjNo��`^N������MbMP§RDNQeZPONQT<�hYBRjXqNQRjNoRjNoeqSUNWv¹¨�NQeZX¬|lNQeZ_ONm VoeZPpSUeqXZXrVsSUeZb^PBRRVMtV^LBXZNoT9_OeZNQRDNQXq|}N���tV^PB[^N���L�V^|lNQP{YBPB_°|»tYBPB_Beq[,V^YO\]NQeqP�V^PB_ONQTjXqeZNo[MNQP � eZR>S

� & $ ���
�
���

¨�NQPBP�Rjeq��L�PyYBP�_�V^R�m8eZ[^P�V^X^eqP�|}NoeZ_BNoP¾m VoeZPpSUeqXZXZVWSUeqbMPBRRVMtV^LBXqNQTjPhcde¥S£_BNoTjRjNoXZ|lNQP�`^bMPORDS�VWPySjNQP¸6NQRj��Lp�5eqPB_BeZ[^`^NQe¥S��¾V^YBRj|OTjNQe¥SUN�S � XZeqNQ[MNoP,V^Pd_ONQP«�hYBRjXqNQRDNQRjNoeqSjNQP�_BNoR9YOPySjNQTDNQP�~ b8_Bb^Rj`^b^kBR
VQY�_BNoP z NoeqSUNoP
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�
m8eq[MP�V^XqN«V^P¹v�¨ eZT�� b^XZXZNoP�V^PBPONQLBc,NQP � _�V^À�VoY�_BNQP z NoeqSUNoP%#�� � #'&�YBPB_&#�� *hLBTDNQP�[MN½�RDSUV^TDSjNoSh� NoTj_BNoP � _BeqN��^bMc��hYBRjX tbMRjNoTjeqcdkBYOXZR5eZc ��YO[MNQPy|BXqeZ��`�#��! #354�V^PB[MNoL�V^XqSjNQP�� NoTj_BNoP�v¸6NQc,NQRjRDNQP�� NoTj_BNoP�_�V^POP°_BeqN z NQe¥SUYBPpSUNoTjRD��LBeZNo_BN
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kleine
Szintillations-
zähler mit hoher
Zeitauflösung

��������������������
��������������������

10 cm Blei

Referenzzähler

27 mm dicker
Szintillationszähler

2300 mm 0 mm
�������������! #" � &�� ��� /0(+238PS �Z2 O 8Z, H O 8 �18Z(�� *;S �68Z:�\%[�/12��Y/0,�/0(3/1: � � �O � �-/0( 20_ �)*;/ �!*-\]: O �-/�[�/0(d5��-/1* 
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	� O :Z[ �-/0(+:�
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©°e¥S¾_BNoT*w<eq³}NQTDNQPSV�#���RjbMXqXqSjNdcdV^P�PBeq��LpS*YBPBc,eqSDSUNQXq|�V^T�V^TD|}NoeqSUNoP � � NoeZX�RjeZNd� No[MNQP�_BNoTRDSUV^Tj`WNQP VoNQeqSjXZeq��LBNQP�mySUTjNoYBYBPB[§_ONQR�miSjbMkBRDeZ[MP�VWXZR��8eqNQX�RDSºtV^Tj`WNQT*V^XqR #��0RDNQXq|BRDS�Rj��Lp��VWPB`pSGv©�V^P�NQTDRjN�SEVoSh_BNoRjL�V^Xq| �+#���_BYBTD��L°_BeqN�¸�TGtbMÀMN
�+#�� ( �
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�� �+#�� 
 �
�
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� (&#���*
_BeqN�YBPpSUNQT�_BNoP«[MNo[MNQ|lNQPBNoP«�hPBP�V^LBc,NQP,NQeqPBN ²6bMPBRDSUV^PpSUN��9NQPBeq[MNQT%_BeqNhw<TDeq\®SRVQNQe¥S�eZR>SGvpw<NoP¿ N$VQYB[MRDkBYBPB`pS (��� � #�
�� #�� 
 |lNLVoNQeq��LBPBNoShcdV^P{eZc
VWXZXZ[^NQc,NQeZPONQP�V^XqR��O;H9��Q=?7��5B�� 9���� # r v©°eqS�_BNQT¾u%eq��LBc,NQRjRDYBPB[)�5eqTj_�cdV^P V�� Noe���TUV^[MNoP�`yX­tV^TDNQP�c´tYBRDRjNQP � NQTDRDSUNoPBR � bM|�_BeqNm8eq[MP�V^Xq[MNQRD��Ly�5eqPB_Beq[M`^NoeqS»eqP*_BNQPdm VoeZPpSUeqXZXZVWSUeqbMPBRRVMtV^LBXqNQTjP�`^b^PBRDSUV^PpS9eqRDS � Vo�9NQe¥SUNoPBR � �5eqN�RjNoLBT_BeqN�u%TDNQeq[MPBeZR�VQNoeqS�# r RD��Lp��V^PO`ySQv�w<NoR�� NoeqSUNoTjNoP��9NQTj_ONQP�_OeZN�m VQeqPpSUeZXqXrVWSjeZbMPORRVptVWLBXZNoTd_BNoRYBPpSUNoTjNoP)~hbi_BbMRD`^bMkOR VoNQeqSjXZeq��L{V^|B[MNo[MXZeq��LBNQP��9NQTj_ONQP�vw<eZN z tV^LOXZNQT _BNQR ~hbi_BbMRD`^bMkOR �9NQTD_BNQP°cde¥S5~heqXq\]N<NoeZPBNoR�XrV^PB[^NQP°m VQeqPpSUeZXqXrVWSjeZbMPORRVptVWLBXZNoTjRRDªiPB��LOTjbMPBeqRjeqNQTDS � _BNQT�RDNQPB`yTjNo��LpS VQY�_BNoP z tV^LBXqNQTDP�_BNQR,YBPpSUNoTjNQPI~hbi_BbMRD`^bMkBR�eqPg_ONQRjRDNQP©°e¥SjSUN9[MNQXqNQ[^S¬�5eZTD_�v z YBP tV^��LBR>S%c¾YBÀ �DNQ_Bbi��L*_BeZNoRjNoT»XrV^PO[MN z tVWLBXZNoT@RjNoXZ|BR>S»[MNoNQeq��LyS@� NoTj_BNoP�vw<eZN<u%eq��LyYBPB[«_ONQR ¼ N�\]NQTDNQPSV$VptV^LBXqNQTDRheqRDSh¸6NQ[MNoPBRDSUV^PB_�_BNQR5\]bMXZ[^NQPB_BNoP <@V^TjV^[MTUVWkBLBNQP¹v
�����! #"$�%"'&	(*),+�-."'&/+0"'1324"$56"$�%"'+0787�9:�;0< "'�!1

w<NQT«¼ N�\]NQTDNQPSV$VptV^LBXqNQTdYBPpSUNQTDRj��LBNoeZ_BN�S{Rjeq��L¢�MbMP¢_ONQPnm VoeZPpSUeqXZXrVsSUeZb^PBRRVMtV^LBXZNoTjP�_BNoR�~hbi_BbW�Rj`WbMkBR�XZNo_BeZ[MXqeZ��L¾_BV^TjeqP � _�V^À�NQT%PBeq��LpS%PiYOT V^P�NoeZPBNoT miNQeqSjN � RDbMPB_BNoTjP«V^Pd|lNQeq_BNQPdm8NoeqSjNQPdV^P
=�LBb^Sjb¤�^NQT>�8eqNQX¥\¦V^��LBNQT�VWPB[MNQRD��LBXZb^RjRjNoP�eqRDSQv¹u�T<eqRDS<_BV^cde¥Sh�5eqN¾_BeqNQRjN x8��� j�� XZV^PB[ � �'j��½�|BTDNQeqS5YOPB_ k*����_Beq��`�v *hc�RjNoeZPJVQNoeqSUXqeZ��LBNoR���PBRDkBTjNo��Lp�MNQTDL�V^X¥SUNQP�VoY��^NQTDRDSUNoLBNQP � �5YBTD_BN_BNoT eqc
¿ eqXZ_ � v � _�V^TD[MNQR>SUNQXqXqSjN<¯%NQTjRDYB��LBRjV^YO\]|�V^Y°�MNQT>� NoPB_BN�SGvw<NQT�¼5No\]NoTjNQP0VLVptVWLBXZNoTdeqRDS�_BbMT>S*�MbMPg_BTDNQe m VoeZPpSUeqXZXrVsSUeZb^PBRRVMtV^LBXZNoTjP�YBcd[^NQ|lNQP � _OeZN�NQeqP|lNo�9NQ[MXqeZ��LBNoR*��YBRDX­tbMRDNQTjR>ªiRDSUNoc |BeZXq_BNQP¹v��hPg_ONQT�m8kOeqSEVoN�_BNoR,�hYO\]|�V^YOR¾YBPB_�YBPpSUNoT*_BNQc¼5No\]NQTDNQPSV$VptV^LOXZNQT RjeqSRVoS��DNhNQeqP k¾��� _BeZ��`WNQT5m VoeZPpSUeqXZXZVWSUeqbMPBRRVMtV^LBXqNQT�c,eqS x h �½� � �iYBV^_BTUVsSUe¥�Rj��LONQT?><YBNQTDRj��LBPOeqSjSjRA@¬tVW��LBN � _BNoT»cde¥S@NoeZPBNoT»LBbMLONQP z NQe¥S�V^YB@±tbMRjYBPO[��MbMP x^� jDC � V^YO\®� V^TDSjNoS ��5eZNdc«VWP�RjNoLBNQP��5eqTj_�v�*hPOcde¥SjSUNoXZ|�VWT�YOPySjNQT�_BNQc `yXZNQeqPBNQP z tV^LBXZNoT�b^|}NoP�|}N�E�PB_BN�S*Rjeq��L
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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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z NQe¥SU_Be¥³¹NoTjNoPSVheqPdeqLBTjNoc¡¸�Xqb8��`WNQPy|}NoTjNoeZ��L�PyYBT�� � * �^��� � *8��� 
	� � � _BV^R NoPySjRjkBTDeZ��LpS�NoeZPBNoTz NQe¥S�V^Y @¬tbMRjYOPB[d_ONQT u�eZPSVoNQX VMtV^LBXqNQT��Mb^P � � � x^�^�
� � � ��� � 
�� � � \�tYBT5_BeqN �DNoPBeZ[MNoP�u�TDNQeZ[^PBeZRDRjN �eZPf_BNQPONQP¢_BeqN��hP�V^XZb^[W�Áw<eq[MeqSUV^X¥�·¨�VsPB_BXZNoT�VWc ¼ N�\]NQTjNoPSVLVMtV^LBXqNQT«POeZ��LpS�tYB|lNQTDXrV^Y8\]NQP�v *hc_BeqN6¸ tYOSUNh_BNQT�u�TDNQeZ[^PBeZRDRjN�eqP«_BNoT \]bMXq[MNQPB_ONQP��hP�V^XqªiRDN<Rjeq��LBNQT�VQYBR>SUNQXqXZNoP � �9NQTD_BNQP{V^| �DN�SEV�SPyYBT POb8��L{u�TjNoeZ[MPOeZRjRDN�|lNoSjTUV^��LpSUN�S � eZP«_ONQPBNoP�_BeZN z NQeqSj_Beq³}NQTDNQPSV _BNoT5m8eZ[^P�V^XZN5_BNoT `yXZNoeZPBNoPz tV^LBXqNQT�POeZ��LpS cdNoLBT V^XZR � 
 � � �M��� � �^bMc ©°e¥SjSjNQXq�9NQT>S5_BNQT�¯%NoTDSUNoeZXqYBPB[,V^|p� NoeZ��LpSGv
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 �¤v¸�Noc)tVWÀhYBPORjNQTDNQT@¯%b^T^tYB|lNQTDXZNQ[^YBPB[ RjbMXqXqSUN%PyYBP � _�V RjeZ��L�_�V^R»m8eZ[MPBV^XpeZc3¼5No\]NoTjNoPSVLVMtV^LBXZNoTc,eqS�`WbMPBRDSUV^PpSUNoT<¸6NQRD��Ly�5eqPB_Beq[M`^NoeqS V^YBRD|BTjNoeqSjNoS � VWYB��L°_ONQTh©°eqSDSUNoXq�9NQTDS5_ONQThm8eZ[^P�V^X VoNQe¥SUNQPeZc XZeqPB`^NoP�YBPB_,TjNQ��LpSjNQP4=�LBbWSUbº�MNoTD�ieZNoXq\¦V^��LBNoT%_BNQR�¼5No\]NQTDNQPSV$VptV^LOXZNQTDR � _BeqN�RjbM[MNoP�V^PBPpSjNhu�TÁ�NQeq[MPBeqRRVQNoeqS #��»`WbMPBR>S�V^PpS»RDNQeqP�v *hPB_�Rjb�RD��Lp��V^PO`yS%_OeZN�u�TjNQeq[MPBeqRRVQNoeqS¬eZP�_BNoT@w6V^TDRDSjNQXZXqYBPB[ � v ��9NQPBeq[MNQT%V^XqR ��x ��� C � YBc
eqLBTjNoP,©°eqSDSUNoXq�9NQTDSQvpw6V^|lNQe8eZRDS»V^XZR #��j� ¨�NQTDS �DNo�9NQeZXqR»_BNoT�L±tV^YBE�[s�RDSjN*¨�NoTDS�_BNoT
#��j�·¯%NQT>SUNQeqXZYBPO[�V^P�_BNQP´NQeqPSVQNoXZPBNoP��hYBRjX tbMRjNoTjklbMRje¥SUeqbMPBNQP§[^NQPBbMc,c,NQP�v¹u%eqPtV^LBPOXZeZ��LONQRh¿ eZXq_�NoTj[Meq|OS Rjeq��L � � NoPBP)cdV^P°R>S�VWSDS�_ONQT L±tV^YBE�[^RDSUNoP�¨�NQTDSjN�_BeqN�©°eqSDSUNQX¥� NoTDSjNV^YO\®SjTºtV^[WSGvw<eZN%¸6NQPBV^YBeZ[^`^NQe¥S£_BNoT±u%TDNQeq[MPBeZR�VQNoeqS tV^PO_BNQT>S±RjeZ��L��DNo_Bb8��L�RDNQLBT£�9bMLBXMc,eqS¹_BNQT£�hYBRjX tbMRjNoT>�klbMRje¥SUeZb^P�v '­P3_BNQT)�h|B|BeqXZ_BYBPO[ � v � NQTD`^NQPOPyS´cdV^P � _�V^À¢RDeZN�eqP0_BNoT�©°eqSDSUN�_BNQR�¼5No\]N½�TjNoPSVLVMtV^LBXqNQTjR�cde¥S ����� C � V^c'L±tb^��LBRDSjNQP�eZR>S¾YBPO_�Rjeq��L VQY�_BNoP�¼�tV^PB_BNoTjP�LBeqP�V^YO\ � � ��MNoTjRD��LBXZNo��LySjNQT>SGvi¿ NQe�X�TDNo³}NQTjP,eZP�_BNQT�©°e¥SjSjN�_BNQR%¼5No\]NoTjNoPSVLVMtV^LBXZNoTjR%c,eZÀ^S�c«VWP¾_BeZN�m8eZ[MPBV^X¥�

VQNoeqSjNQP,V^P�RjNoeZPBNoc�XZeqPB`^NoP*YBPB_,TjNQ��LpSjNQP�u�PB_ON c,eqS@_BNQT�[^XZNQeq��LBNQPd¸6NQP�VWYB[MeZ`WNQe¥S)�¦YBPO[MNo\DtV^LOT
������C � 
�� ��tV^LOTjNQPO_§RjeZN�V^c ¼ V^PB_BN�_BNoR z tV^LBXqNQTDRhc,eqS5RDNQLBThYBPpSUNQTDRj��LBeqNQ_BXqeZ��LBNoT�¸6NQP�V^YOeZ[W�`^NoeqS�[^NQc,NQRjRDNQP��9NQTj_ONQP�v '­P�_BNoP =%LOb^SUbº�MNoTD�ieZNoXq\¦V^��LONQT � _BNQT5V^P�_ONQc¡u%PO_BN6_BNQR m@VQeZPpSjeZXZXZVs�
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SUb^TjR5Rje¥SEVoS � eZP��9NQXq��LBNQR _�V^Rh©�ª^bMP°NoeZPBRD��LBX tVW[^S � SjTjeqSDS�RjNoLBT��ieZNQX¬m@VQeZPpSjeZXZXZVWSUeqbMPBRDXZeZ��LpS � V^YB��LV^YO\�_BeZTDNQ`pSUNoc�¨�NQ[^N � ��V^ROVQY�NoeZPBNoc;[MTjb^ÀMNQP�YOPB_«R>SUNQeqX¹VWPBRDSjNQeZ[^NQPB_BNoP{m8eq[MP�V^XB\ tYBLOTDS9YBPB_NQeqPBN�LBb^LBN z NQe¥S�V^YB@ tbMRjYBPO[�eqc ¿ NQTDNQeZ��L*�9NQPBeq[MNQT��#��� C � PBV^��L�RjeZ��L VoeZNQLpSQvpw<NQP =�LBb^Sjbº�MNQTÁ��ieZNoXq\¦V^��LBNoT<V^c \]NQTDPBNQP�u�PB_ON*NQTjTDNQeq��LyS6�ieqNQX±� NoPBeZ[MNoT�m VoeZPpSUeqXZXrVsSUeZb^PBRjXqeZ��LpS � �^bMT6V^XqXZNoc V^YO\eZPO_BeZTDNQ`pSUNoc�¨�NQ[MN � RDb{_�V^À�NQT6NQeqP�Rj��Lp��VW��LBNQR,m8eq[MP�V^X@V^YBRD[MeZ|OS�YOPB_�_OeZN z NQe¥S�V^Y @¬tbMRjYOPB[_BNoT«©�NQRjRDYBPB[�_OeZNQRDNQR«m8eZ[^P�V^XZR¾V^YO\<N�S­��V x � � V^|8\DtV^XZX¥SGv��hV^��Lg_BNQTd©°e¥SjSUNoXq�9NQT>SU|BeqXZ_BYBPO[tYB|lNQT�_BeqN�mieZ[MP�VWX�
QNoeqSjNQP�|lNQeZ_ONQT,m8NoeqSUNoPfNoTjL±tVWXqS,c«VWPg_OeZN�|lNQbM|�VW��LySjNoSjN���Y @¬tbMRjYOPB[´�^bMP
� ��� v
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w<eZN�u�TjNoeZ[MPOeZR 
oNQe¥S)#���� � ��� � _BeqN�cdV^P�_BYBTj��L�_BeZN�©°eqSDSUNoXZYBPB[§tYB|lNQTh_BeZN z NoeqSUkOYBPB`pSUN�_BNQR<m8e¥�[MP�VWXZR�VWc XqeZPB`WNQP u�PB_BN§_BNoR{¼ N�\]NQTDNQP 
 
ptV^LBXqNQTDR�YOPB_ _BNQR�m8eq[MP�V^XqR«VWPaRjNQeqPBNQc TjNo��LySjNQPu�PB_BN§[MN��5eZPBPpS � eZR>S�tYB|lNQT«_BeZN���tV^PO[MN�_BNoR{¼ N�\]NQTDNQP 
 
ptV^LBXqNQTDR�Rjb�`^b^PBRDSUV^PpS{YBPB_ [MNQPBV^Y[MNoPiYO[ � _�V^À�cdV^P§_BeqN z tV^LBXqNQTh_BNQR�YBPpSUNoTjNoP�~ b8_Bb^Rj`^b^kBR6|}N 
 tYB[^XZeZ��L§_OeZNQRDNQT�V^Y8\]NQeZPBV^PB_BNoT

QNoeqSjXZeZ��L�V^|B[MXqNQeZ��LONQP�`sV^PBP�v%©°V^P�XZNo[^S*LBeqNQT 
oY�_BNQPg¼5No\]NQTDNQP 
 
 tV^LOXZNQT�RDNQPB`yTjNo��LpS 
oYg_ONQP~hbi_BbMRD`^bMk 
 tV^LBXqNQTDP,eqP¾_BNoTjNQP«©°e¥SjSUN9YBPB_ 
QNoeZ��LBPONoS�_BeZN z NQe¥SUNQP*_ONQT�m8eq[MP�V^XqN9eqP*_BNQP,~hbi_BbW�Rj`WbMk 
MtV^LBXZNoTjP�eZc,cdNoT _�VWPBP�VWYO\ � �9NQPBP°Rjbº� b^LBX£_BeZN6XqeZPB`WN�V^XZR�V^YB��L�_BeZN6TDNQ��LpSUN�m8NQe¥SUN6_BNoR¼5No\]NQTDNQP 
 
ptV^LOXZNQTDRdNoeZPBNoP�X�TDNo³}NQTdV^P 
QNoeZ[MNoP�v�w6V^R��hYBRjX tbMRjNoTjRjeq[MP�V^X9�MbMc ¼5No\]NoTjNoP 
 
MtV^LBXZNoTL±tV^X¥S�_BeZN�*hLBTDNQP�_BNQT z NQeqS>�Áw<eq[MeqSUV^X¥�·¨�V^PO_BXqNoT�VWP � _BeZN,V^P�_BNQP�¼5No\]NoTjNoP 
 
MtV^LBXZNoT�YBPO_�_BeqN~hbi_BbMRD`^bMk 
ptV^LBXqNQT�V^PB[^NQRj��LOXZbMRDRjNQP«RjeZPO_dYBPO_,�^bMP«_BeqNQRDNQP,[MNQR>S�V^T>SUNoS%�9NQTD_BNQP�vO©�V^P,eZR>S%PyYBTV^P´u�TjNoeZ[MPBeqRjRDNQP�eZPpSUNoTjNoRjRjeqNQT>S � eqP§_BNQPBNoP�VWXZXZNoeZP°NQeZP�©�ª^bMP�_BYBTD��L�_BNoP´¯%NoTjRDYB��LBRUVWYO\]|�V^YX­tVWYO\®SGv�w6V^LBNoT¾X­tV^ÀWS�cdV^P�eqP�_BNQT��9NQe¥SUNoTjNQP��hP�V^XqªiRDN�PiYOT*u�TjNQeq[MPBeqRjRjN 
QY � eqP�_BNoPBNQP�[MN½�P�V^Y 
�� Noe�tYB|}NoTjNoeZP�V^PO_BNQTDXZeZNo[MNQPO_BN z tV^LBXqNQT�_ONQR5~hbi_BbMRD`^bMkOR [^NoSUTDb^³}NQP{RjeqPB_�v8¨ eqN6|}Noe�_BNoT¯%bMTD|}NoTjNQe¥SUYBPO[°_BNoR�¼5No\]NoTjNoP 
 
MtV^LBXZNoTjR�� NoTj_BNoP�_BeqN,eqc�YBPpSUNoTjNoP�~hbi_BbMRD`^bMk�[MNQc,NQRDRjNoPBNQPz NQe¥SURDk�V^PBPBNoP �+#9_BYBTD��L �+# ( #���� � ��� NQTDRjNoS 
oSQv *hc
_BeqN�~hbi_BbMRD`^bMk 
MtV^LBXqNQT 
QY{RDªiPB��LOTjbMPBe �RjeqNQTDNQP � SUTGtV^[^S�cdV^P§\½tYBT��DNo_BNQP z tV^LBXqNQT6_BeqN�X¬TjN�³¹NoT 
oNQeqSjNQP �+# ( #���� � ��� V^Y8\�YBPB_�XZeqNQRDS�eqP_BNoP)¯%NQTDSjNQeqXZYBPB[^NQP��DN�� NoeZXZRh_BeZN�L tV^YBEB[MRDSjNQP X¬TjNo³}NQT 
QNoeqSUkOYBPB`pSUN,V^|�v}w6V^P�VW��L�� NoeZÀ�cdV^P �YBc��9NQXZ��LON z NQeqSjRjk�VWPBPBNQP�c«V^P°_BeZN�eZP°_BNQP z tVWLBXZNoTjP°\]NoRDSj[MNQL�VWXqSUNoPBNQP´mieZ[MP�VWX�
QNoeqSjNQP{�MNQTÁ�Rj��LOeZNQ|lNQP�c¾YBÀ � _�V^c,eqS _BeqN z NoeqSD�MNQT>SUNoeZXZYOPB[MNQP°V^XqXZNQT z tV^LOXZNQT 
oYBRUV^c,c,NQPO\¦V^XqXZNoP�vB¨�NoeZX±_BNoT¼5No\]NQTDNQP 
 
ptV^LOXZNQT�cde¥ShNoeZPBNoT���tV^PB[^N��^bMP x8� � �d� YBc � � V,� `±tYBT 
QNQT<V^XZR _�V^R<YOPySjNQTDN*~hbW�_BbMRD`^bMk�eZR>S � c¾YOÀ�cdV^P�_�V^R�~ b8_Bb^Rj`^b^k�eqP 
�� Noe9m8��LBTje¥SjSjNQP�V^|B[MXqNQeZ��LONQP�v¬©�VWP�XqNQ[^S6_ONQP¼5No\]NQTDNQP 
 
ptV^LOXZNQT 
QYBP£tV^��LBRDS¾V^YO\�_OeZN,NQeZPONd~�tV^Xq\®SjN�_BNQR�~hbi_BbMRj`WbMkBR¾YOPB_�_�VWP�V^��L�V^Y8\�_BeqNV^PB_ONQTjNWv�w<eZNhcde¥SjSjXZNQTDNQP z tV^LBXZNoT _BNoR5~hbi_BbMRD`^bMkBR�RDeZPB_�eqP�|lNQeZ_ONQP��±V^[MNoP�YBPpSUNQT�_ONQc¡¼ N½�\]NQTDNQP 
 
ptV^LOXZNQT � Rjb�_�V^À6SUVWSURGtV^��LBXZeq��L,V^XZXqN z tV^LBXqNQT�VWYO\¹_OeZNQRDN�¨�NoeZRjN�R>ªiPB��LBTjb^PBeZRDeZNQT>S%� NoTj_BNoP�v

�hYBP��^NQTD|BXZNoeZ|lNQP�PBbi��L 
o�9NQe ��YO\][pVW|}NoP � P£tV^cdXqeZ��L 
QYBc NQeqPBNQP 
oY 
QNoeZ[MNoP � _BV^À)_BeqNu�TjNoeZ[MPBeqR 
oNQeqS�#�� � _BeZN�c«VWP¢V^YBRd_BNQc ©°e¥SjSUNoXq�9NQT>S�_BNoT z NQe¥SUNoP¢_BNQTd|}NoeZ_BNoP X¬TjNo³}NQT«eZc~hbi_BbMRD`^bMk§[^No�5eZPOPyS � tYB|lNQT�_BeZN�[MNQRjV^c�SUN���tV^PB[MN¾_ONQT6~ b8_Bb^Rj`^b^k 
ptV^LOXZNQT�PiYOT<eZc ¿ NoTjNoeZ��L�9NQPBeq[MNQT¾LyYBPO_BNQT>S =%eq�QbMRDNQ`yYBPB_ONQP�Rj��Lp� V^PB`pS � _�v L�v»VWXZR¾²6bMPORDS�VWPySjN�V^PB[^NQRjNoLBNQP��9NQTD_BNQP`sV^PBP � 
QYBc VWPB_BNQTDNQPg_BeZN�#��>�­��Y @¬tbMRjYOPB[ 
oY�|}NoRDSUeqcdc,NQP¹v �htYBT��DNo_BNQR§tYB|lNQTDNQeqP�V^PB_BNoTjXqeZN��[MNoPB_BN z tVWLBXZNoTjk�VMVWT6|}NoRDSUeqcdc�S�c«V^P´eZP´��|OL±tV^PB[Meq[M`^NoeqS�_BNoT��±V^[MN,_BNoR¾¼5No\]NQTDNQP 
 
ptV^LOXZNQTDR_BNoP)L±tV^YBEB[MRDSjNQP #��j� ¨�NQT>SGvlw<NQT<©°eqSDSUNoXq�9NQTDSh_BNoT<L±tV^YBEB[MRDSjNQP #��j�·¨�NoTDSUN�_BNQT z tV^LBXqNQTjkBVMV^TjNeZR>S eqP«_BNoT���|O|BeZ_BXqYBPB[��8v � ��[MNo[MNQP�_OeZN<¼5No\]NoTjNoP 
 
MtV^LBXZNoTjklbMRje¥SUeqbMP�V^Y8\][MNoSjTUV^[MNoP� y_�V^|lNQeleZR>SeZP�_BNoT �hYOXZXZklbMRDeqSUeqbMP�_BNoT�¼5No\]NoTjNQP 
 
 tVWLBXZNoT<V^P°_BNQTh��YBRDXZNQRDNQRDNQeqSjN�_BNoT�YBPpSjNQTjNoP z tV^LBXqNQTjXZVs�[MN<_ONQR�YBPpSUNoTjNoP°~ b8_ObMRj`WbMkBR�YBPB_{VWP�_BNQc¡u�PB_BN<\]NQTDP�V^|��^bMP�_BNQP =�LBb^Sjbº�MNQT>�ieZNQX¥\¦V^��LBNoTjPRjNoeZPBNoT�b^|}NoTjNQP��±V^[MN^vsw<eqN�eqc3w<erVW[MTUV^c,cnNQeZPO[MN 
oNQeZ��LOPBNoSjNQP ��NQLBXqNQTD|�V^XZ`WNQP�RjeqPB_�_BeqN9miS�V^Pi�_�V^TD_�V^|p�9NQeZ��LyYBPO[MNQP�_ONQT
#��D� ¯%NoTDSUNoeZXqYBPB[MNoP � _BNoTjNQP�©°eqSDSUNoXq�9NQTDSjN,V^YO\][MN�SUTUVW[MNQP´RjeqPB_�v±w<eZN
#��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 
 � � � 


� 	 � � � ��� ������� �
� * � � � � �p� _BeZNhRjeq��L°VWYB��L{|}Noe¹NQeqPBNQT #��j�­��Y @¬tbMRjYOPB[

�Mb^P � � � V^Y8\�� � � * � � � � � 
jx � � ��� �
�
� * � � 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

!���� "�#��%$��������! #"%$'& ('�)�+*-,��%#/.0.0����#�1%�#�
��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�
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LBNoPB_BN�¼ V^YBc,XrVW_BYBPB[�_�VWR�NoXZNQ`yTDeZRj��LON ��NQXq_�YOc _BNQP���PBbi_BNQPO_BTUV^LpS�RDSºtbMTDS�� xMx8�¬x^�O�¬x ��� vw<eZN z V^LBX�_ONQT �±V^_BYBPO[MRDSjTºtV^[MNoT�eZP�_ONQT �±VG�5eZPBN<�5eqTj_�Rjb�[MTDbMÀ � _�V^À*_�V^R�NoXZNo`ySjTjeqRj��LBN ��NQXq_eZP*_ONQT �±VG�5eZPBN � P�V^��LO_BNQc�_OeZN�u�XZNo`pSUTjb^PBNQP�YBPB_$'­bMPONQP�NQeqP¾� NoPBeZ[�V^YBRDNQeqP�V^PB_BNoT»[MNoXrV^YO\]NoPRjeqPB_ � Rjb�RjNoLBT�V^|O[MNQRD��Ly� tVW��LyS �5eZTj_ � _BV^À¾u�XZNo`pSUTjb^PBNQPdYBPB_ '­b^PBNQP 
oY«PBNoYOSUTjV^XZNoP«��SjbMcdNoPTjNo`^bMc�|BeZPBeqNQTDNQP�v�~ eZNoTj|lNQe9�9NQTD_BNQP =�LBb^SUb^PBNQP�\]TjNoeZ[MNoRjNoS 
oS � _BeZN«_BYBTj��Lg_�V^R,¸�V^R @�eqNQ[MNoPYBPB_�V^P�V^PO_BNQTDNQT*mySUNQXqXZN,u�XZNo`ySjTjbMPi� '­bMP8� =@VMVWTjN,NQT 
oNQYB[^NQP � _BeZN,_BbMT>S��±VG�5eZPBNoP�V^YBRDX­tbMRDNQP ��9b)_BeZN,\]TjNoeZNQP�u%XqNQ`pSUTDbMPBNoP�YBPB_ '­bMPONQP�_�VWR¾NQXqNQ`pSUTDeZRj��LON���NQXq_��MNoTjR>S¤tV^TD`^NQP¹v%w6V^R�eqRDS�V^P_BNoP§miSjeZTjPORjNQe¥SUNoP�_ONQT��¬VG�5eqPBNQP�_BNQT)��V^XqX·vO�hYO\»_OeZNQRDN6¨�NoeZRjN6��tV^��LORDS 
QYBc��hPBb8_ONQPB_BTjV^LpSYBPB_ 
QYBT�²�VWSULOb8_BN�LBeqP�NoeZP�m8��LBXZV^YB��L�\]TDNQeqNQT�u�XZNQ`pSjTjbMPBNoP�YBPO_ '­bMPBNoP�v£¨�NoPBP�cdV^P�_BeqN��POb8_BNoPBRjkBV^PBPyYBPB[dPBeZ��LpS 
QY�[MTDbMÀ¾��tV^LBX¥S � \DtV^XqXqS9_�V^R5NQXqNQ`pSUTDeZRD��LBN ��NoXZ_ 
oYBT ²�VsSULBbi_BN6LBeqPRjb�R>S�V^TD`*V^| � _BV^À6NQR%PBeq��LyS%c,NQLOT%V^YBRjTDNQeq��LyS � PBNQY�NoPySjRDSUV^PB_BNoPBN<u�XZNo`pSUTjb^P8� '­bMPi��=@V^V^TjN �^bMP_BNoT�¼ No`^bMc¾|OeZP�VWSjeZbMP)V^| 
QYOL�V^XqSjNQP�� x ��� v£w6V^LBNoT<NQTDRDSUTDNQ��`pS�RjeZ��L�_BNoT�m8��LBXZV^YB��L´PBeZ��LpS�|BeqR

QYOT�²�VWSULBbi_BNWv�©�V^P�c,eZRD��LpS�_BNQc�²�V^cdc,NQTD[pV^R 
QYB_ONQc
VWYB��L 	����5|lNQe � YBc NQeqPBNQP ��YBP8�`^NoP»tYB|lNQTDRj��LBXZV^[ 
QY��^NQTDLBeZPB_ONQTjP � _BNoPBP 	����»L�VWS�NQeqPBNQP�LBbMLBNoP¾��|BRDbMTjk8SUeZb^PBRj`Wb8N�� 
oeZNoPySjNQP\½tYBT�_BeZN =�LBb^SjbMPBNQP � _BeqN«V^YOR�_BNoP�¼ No`^bMc�|BeZP�VsSUeZb^PBNQP´RDSUV^cdc,NQP¹v�w<eqN,�^bMTj[^NQRDSjNQXqXqSUNd¿ N½�SUTDeZNo|BRUV^T>S5_BNQT 'ÁV^TDb8�o�QeqTjbMLBTDN<�5eZTD_ tYO|BXZeq��LBNQT>� NoeZRjN����������� '� �!���<µ��"���$#�%�����%«¶�&�')(9[MNoP�V^PBPpSGv

'­c
|lNQ[MTDNQP 
�SUNQP�miSjTjNGVWcdNoTjc,b8_BYOR SUTDNQeZ|lNQP{RDb��ieqNQXZN '­bMPBNQP{�Mb^c���POb8_BNoPB_BTjV^LpS �9NQ[ �_�V^Àhc«VWP�NoeZP�cdNoÀM|�V^TDNQR�'­PB@�YBNoP 
QRDeZ[MP�VWXOV^Y8\�RjbM[^NQP�V^POPySjNQP+*D��,.-0/1'324/ µ��5����� 6��� hb8_BNoT87� �9:';/
�� '��(��"�.��� 6��� 6NoTjL±tVWXqS � _BeqN cdV^P¾NoPyS­�9NQ_ONQT � �5eqN�eZP�_BNQT@��|B|BeqXZ_BYOPB[ �8v � x NoeZPB[MN 
QNoeZ��LBPBN�S � V^YO\_BeqN�`sVWSULOb8_BNoPO\]TjNoeZN�miNQeqSjN�bi_BNQT � _�V�_OeZN*¸6TUVWkBLBeqSjRj��LBeq��LpS6LBbi��LBbMLBc,eZ[ � _�VWcde¥Sh\�tYBT�LBb8��Li�\]TjN!4yYBNQPpSUN�m8eq[MP�V^XqN SjTUV^PORjk�V^TDNQPpS5eZR>S � V^YO\¬_BeZN�²�VWSULBbi_BNoPBRjNoeqSUN6XqNQ[MNoP�`sV^PBP�vBu%LON<�5eZT YOPBR_BNoT���TUV^[MN �5eZ_Bc,NQP � �9NQXq��LBN6_BNQT |}NoeZ_BNoP{©�tbM[MXqeZ��LB`WNQe¥SUNQPd�MbMT>SUNQeqXZL�Vs\®SUNQT9eZR>S � � NoPB_BNQP{�5eZTYBPBR NQeZPONQT�V^PO_BNQTDNQP��5eZ��LpSUeq[MNQP���TjV^[MN 
QY � P±tV^c,XZeZ��L,�5eZN<|OTjNQe¥S�cdV^P�_BeqN '­PB@BYBNQP 
oRDSjTjNQe¥\]NQP� tV^LBXqNQP�RjbMXqXqSjN^v
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w6V^R,m8eq[MP�V^X V^YO\ _BNoP =�eZ��`M� YBk8�>mySUTjNoeq\]NoPgNoPpSURDSjNQLpSd_�V^_BYBTD��L � _�V^À§_OeZN�klbMRje¥SUeq�^NQP '­bMPONQP�Mb^c���PBbi_BNQPO_BTUV^LpSh� No[�LBeZP 
QY°_BNQP =�eZ��`M�­YBki�>miSjTjNQe¥\]NQP�SUTjNoeZ|lNQP�YBPB_)_BV^|}Noe±NQeZP�m8eq[MP�V^XeZP @�YBNQP 
QeZNoTjNoP�vOw<NoT 
oNQe¥SUXZeq��LBN�¯%NQTDXrV^YO\�_BNQR9eZPB@�YONQP 
oeZNQT>SUNoP{m8eZ[^P�V^XZR%L±tVWPB[^S9P�VWS^tYOTjXZeq��L,�^bMP
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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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� 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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z���F�z�R�vUw�x �Q595UzG}�vU|UR �ix=1y/ � R�w^x�~�RU��8&�U~�|U}�zK8&�-F21
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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

1/12

1/6

1/4

1/3
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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$< ~ � p ADC RE~@8&���,�|UR � 4^w��URU��FS�|URUv z��Sw�x�M`w+U14^w�zGF � V�z�R vUw^{
{�~�Rj~�| ��M�	S�SR ���U|UxTw^R�4^|Ux;�|98&:C�Sx�w�zG� F2V v z�w���w��Ux�RE~��Uw�~�R 4+<8w^z���x2�~��-F�w�R vUw�xV<�~;{�{9w^x
RS��x�5fw^z�}�~�| ��w�RH1
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�B{ v z�w^��w^zGR94^| ��w^� w^RHVf�Sw^� w^R�<�zGxu4^|UR«�~�8&�U�TF.R��SR\yg�U|Ux�w�R\~�|U�+V vUz�w w^zGRUw^R ��x�~��-F�z�R�vUw�x
|UR-F�w�x���F�w^R\| RUv�w�z�RUw�R ��x�~;�CFBz�R�vUw�x�� 5fw^xT�TF�w�RL)«~��Sw w^zGRUw^x���w���w^xTw^R94+:�~�{�{9w^x :Cx�w�|94^w�RH1
U |U�S}Gw^zK8&��RUw^�U{9w^R�<�zGx�~�RHV;z�R�~�}G}�w^R ���S� x�w^R�w�z�RUw�x���x�w^z0� ~@8&�U}�~��Sw(v w^x�< ~�{9{�w�xm�Uw�x�x���8&�Uw
vUzGw^��w�}75fw�a�xTF���F ��xTzG� F>4^w^z0F�F$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��
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Standardabw.: (1,4±0,1) ns
Mittelwert: (753,9±0,2) ns
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Geschätzte Energie > 2,5 GeV

Stand.abw. = (236,7±0,6) µm

Stand.abw. = (344,4±0,4) µm
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