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kmUp`F��±9Th\M^aThehe�b�^asK`l]_^a`cbdY[e�gf\[iI\[Th�cYM^¸rZUp`a\[bK�cYfe��Z]l]_ThiKU9\ukfbd`a�¨v
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Th� ��±9Th\M^aTheV�
e�b�^lsZ`ukmU9�,sZ\[TVUp`_^�j�Th`ck-�?j�Up]aY[bdeh~¬kmU9`�w[U9YfehUp`u~fT�]�±9g �Iq � ¡ ~,U�^a`cbdiKU9\¬��bd\f\�v?zàThU���bd\
bd�ÂSPThbZiZ`cbd�u� ]l�cYfXZ\ ]aThU9YM^9�yT�]_^5kmThU
��~!]a�cY�j¸�Z�cY�gf\fißU�Ým�,sZ\fUp\M^aThU9ehe�\[bK�cYàkmU9� ÒIUp]aU�^l±
!�"�!�#%$'&)( Å+*-,;j�sZ~,U9T.��bZ\�YfThU9`¸�ÑÎ[`/.�kmU9\%zßU9`a^9¾
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±9g[iZU9sK`lkf\fU�^pv�SFThUp]aU5©,gfsK`lkf\Mg[\fi���bZ�cYM^­��bd\ß�uTV^­kfU9\ß~!Up��bd\f\M^aUp\ �xsZ�u�m^lsZ\f��bZ\K^lU9\.��k[b
kmThUF��±pTV\M^lTVehe�b�^lsZ`lU9\­UpTV\[U�]_UpYf`y]l�cYfehUp�cYM^aU¸®?\fUp`aiKThUpbdgfä[XK]agf\fi�Y[bZ~!Up\.vMSPThU�t�U9`c]@^c�d`l�Mg[\fi�j�TV`ck
bd�Ç���u�fehT �[U9`�]as�UpTV\[iZUp]_^aUpehe�^p��kfbK]a]ukfTVU���ThiZ\!bdehU�~fT�]{��b�ÝmTh��bde���t rKU9`c]@^c�d`l�M^{j�U9`ckmU9\�v
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U9Th\fU�t�Up`l]_^l�Z`a��gf\fi�rKsZ\ � ¼Z¼%j¸�dYfeV^lU9\.v�SPThU{±pjxUpT,�xsZ�u�f^asZ\[��bZ\M^aU9\�Y[bZ~!Up\ßkfTVU{�ÑsKeViKU9\[kfU9\
®?\fUp`aiKThU9\�g[\[k�Ì�bdiKU9\.¾
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¦mv �xY
¦dq[n np¼KÏK¦��ZU¨t
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å_b�~,U9iZ`lU9\[±�^�kmgf`c�cY%kfTVU���bdÝ�Th��bZeVUp\{��t¤kfUp]��FS5�Fv
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Natrium-Spektrum
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6



0 5 10 15 20 25
Energie in MeV

0

50

100

150

200

C
o
u
n
ts

Myonenspektrum

zàTh`�]aU9YfUp\�±9j�U9Tx£�U(bd�m];rKsZ\�kmUp\fU9\�kmU9`�eVTh\f�KU�kmU9`�U9`lj�bZ`_^lU�^lUuTh]_^9v�SFUp`�`lUp�cYM^lU�£�Upbd�
�ZXK\f\fUp\�j�Th`�gf\[]?\fT��cYK^�Up`a��e��d`lU9\.vd�
bZ\�U9`l�ZU9\[\K^?bZg[�cY.�KkfbZ¹­kmThU�®y\fU9`liZThU�kmU9`x��»ZsK\fU9\{U�^@j¸b
gf�ãkmU9\�w!bd�M^asK`�¦�±pg«Yfsm�cY«Th]_^ ��SPbK]��
bdÝ�Th�{gf��]asZeheV^aU�±9gf�uTh\[kfUp]_^�g[\K^lU9`5np¼Z�
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w�Îf`�kmThU�rZUp`aj�U9\[kfU�^aUp\�zßU9`a^aU;]aThU9YfUI£?`lsd^asK�ZsKeVe*v
SPTVU(]_U�iK`asK¹ZU�SFT�]a�M`lU9�!bd\f±�kmUp`.z�Up`_^lU�e��Z]l]@^�kfbZ`lbZgm�M]l�cYfehThUp]l]_Up\.��kfbZ]l].kfbZ]��FS5����t�U9`c]_^l�d`l�ZUp`a�usmkmg[e

\fT��cYM^yehTh\fUpbZ`?rZUp`l]_^l�Z`a�M^9v@	��ÕkmThU(]?±9g�gf\fU9`c]ag[�cYfU9\�eVThU9�ÑU9`a^aU9\uj�Th`x�uTV`yU9Th\fU9�Õ��ThiK\[bdehiZUp\fU9`cb��
^asK`�°¨�u�fgfe�]aUxiKeVUpT��cYfU9`�W�XZY[U�TV\{kmU9\�®?Th\fiMbd\fi�kmU(]�t�U9`c]@^c�d`l�ZUp`l]9v��
T�^?WFTVeV�ÑU¸kmUp]?£?`asKiZ`cbd�u��]
zàTh\[��� ���½j�gf`ckmU�kmUp`;�FS5�¤bZgfiZUpeVU(]_Up\
gf\[kßkmThUu}­bd\!�dehU�Th��t�Up`aiKeVUpT��cY
±9gf� t�U9`c]@^c�d`a�
��gf\fiM]@��bZ�K^lsZ`�bdgf�ÑiZU�^l`lbZiZUp\.¾

t�Up`l]_^l�Z`a��gf\[iK]_��bd�M^asK` }­bZ\[bdeh\f`pv
� ¼ �4�
  �  ��
np¼K¼ oZo
n � ¼ n 6MÏ
¦ � ¼ ¦dqKq
qM  � q � 6
� ¼K¼ 6KÏ[n
  � ¼  �¼Ko
np¼K¼Z¼ oZqM¦

��g!]�kmUp`­\[bZ�cYm�ÑsKehiZU9\!kmU9\«ÒI`lb �[�
��bd\[\«��bd\�U9`c]_UpYfU9\.��k[bd¹f��kmU9`;t�Up`l]_^l�Z`a�KU9`�±9j¸bd`­ehTh\fU(bd`
rZUp`l]_^l�Z`a�M^p��bZeheVUp`lkfTV\[iK]�]a��bdehThU9`a^{kmThU�}­bd\!bdeh\f`pv�\fT��cYM^�nd¾hn��uT�^�kmUp� t�Up`l]_^l�Z`a��gf\fiM]@��bZ�M^asZ`p�
]asZ\[kmUp`a\u��bZ\uU9`lY[�deV^ykmg[`l�cYuehTh\fUpbZ`aU�Ó�UpiZ`lUp]l]_ThsK\{kmThUF}­bZ\[bdeh\f`pvZTh\���~[Y[�d\fiKThiZ�ZUpTV^�kfUp]xt�U9`a�
]_^l�d`l��gf\fiM]@��bZ�K^lsZ`c]�¾
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Îf~,U9`lU9Th\[bd\!kmU9`IehTVUpiZUp\.�,bZeh]as
kmThUÀiKehU9T��cY¬®?\fU9`liZThU�Y[bd~,U9\.v�SPThUp]5Th]_^5ehUpThkfU9`�\fT��cYM^%kfU9`�w[bZeVe*vy®x]�]a�cYfUpTh\K^p��bZeh]5kfbd¹�j�Th`
Th`aiKU9\[kfjxs�~,U9T¥kfU9`P�
Up]l]_gf\[i�kmU9`I�Fbd^a`lTVg[��]_�,U9�M^a`lU9\%U9Th\fUp\�wfU9Y[eVUp`�iZUp��bZ�cYM^�Y[bd~,U9\��,smkmUp`
gf\[]aU9`lU�®?T��cYm�Ñgf\f�M^lTVsK\5]_^aTh�u��^x\fT��cYM^9¾
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SPTVU���gm�Ñ\!bdYf�uUxU9Th\fUp]¥®?\fUp`aiKThUp]a�!Up�K^l`ag[��].�uTV^��fe�bZ]_^aTh�m]_±pTh\K^lTheVe�b�^lsZ`lU�\�T�]_^¥\fT��cYM^¥±pg�U9�u�f�
�ÑU9Y[eVUp\.�Mk[b�kmThU�®?\[U9`liZThUpbZgmä[XK]agf\fi�UpTV\f��bZ�cYu±9g5]a�cYfehU(�cYK^?T�]_^9vKz�Up\f\���bd\u~,UpkfU9\f�M^9�mkfbZ¹�kmU9`
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�¥sZehU9`cbd\f±Zv
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	��ÕkfTVUPÌ�T��cYM^aiZU(]a�cY�j�Th\[kmThiK�ZU9TV^�±pg�~,Up]_^aTh�u�uU9\�rKU9`ljxUp\[kmU9\uj�Th`xU9Th\fU9\����.��gf\[k5kmThUF±pjxUpT
�dg!]a]aU9`lU9\
£yehbK]@^lTh��]a±9Th\M^aThehe�b�^lsd`aUp\5]as�j�ThU;rZUp`l]l�cYfThUpkmUp\fU�SPU9e�b�»m]9v[zàTh`�\fU9Yf�uUp\�bZ\.��kfbd¹�kfbK]
��»KsZ\�rZsK\ =@sK~!Up\@?��ZsK�u��^pv[bde�]asuU9`c]@^Pkfgf`l�cY�SFU9^aU9�M^lsZ`�n{kfbd\[\Àkmgf`c�cY
SFU9^aUp�K^lsZ`­¦{ä[ThU9iZ^
��w!bdehe.bK¢·v[w[bdehe�]x\Mg[\5�KU9Th\�SPU9e�b�»u±9gfiKUp]l�cY[bdeV^lU�^xT�]_^¸]_^a`lU9gf^¸kfbK]���ThiZ\[bZe!g[��U9Th\fUp\�~,Up]_^aTh�u���
^aUp\¬z�Up`_^ � # �¸kfbZ]��Z\[kmUp`_^5]aT��cY bZg[�cY \fT��cYM^ujxUp\f\ ��bd\à�M^cbd`a^�gf\[kà�M^lsZ� �uTV^aUpTh\[bd\[kfU9`
rZUp`_^cbdg[]l�cYM^{��w[bdehe�~!¢·v���gf\ßrKU9`c]_UpYfU9\
j�Th`­kfbK]���^asZ�f�¨��ThiK\[bde��uTV^PUpTV\[U9��SPU9e�b�»�rZsK\�¦d¼Z\[]9�
k-v Y.v�� # rKU9`c]a�cY[TVUp~m^P]aT��cY�TV�Ðw!bdehe�b�\[bZ�cY�� # È��-�.j�sZ~,U9T��ÀkmUp`�w�ehgfiK±9U9TV^FkmU(]���»ZsK\[]Fg[\[k
� # " 7d´�� �IUp\M^l]a�f`aT��cYM^9v[ÜPYf\fU­SPU9e�b�»���bd\f\%��bd\%bde�]_s��5\[Th�cYM^¸sZYf\[UPj�U9TV^aUp`aU(]y~,Up]_^aTh�u�uUp\.v
t�U9`a^lbZg[]l�cYK^­��bZ\�\�gf\�kfbK];�M^lbZ`_^;�uTV^;kmUp� �M^lsZ�m�@��ThiZ\[bZe?kfbd\[\�T�]_^;kmU9`;£�U(bd�À~,U9T � # � �
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	�� \�gf\�©,UpT�^c]_�,U9�M^l`aUp\IbZgm�Ñ\fU9Y[�uU9\�±9g­�KXZ\f\fUp\���Î[]l]aU9\Ij�TV`.UpTh\fUx©,U9TV^lU9T��cY�gf\fi���bZ�cYfUp\.v
SIb��ÑÎf`�rZU9`lj�U9\[kmUp\ßj�TV`�U9Th\fU µlµ�� �K� � gfU9ehehUd��kmThUuj�Th`;Th\«kmThU���TV^_^aU5kmU9`�~!UpThkfU9\³��±pTV\M^lTVehe�b��
^asK`aUp\��[ehbd^a±pTVUp`aUp\.v-°¨�Þ£?`lTh\f±9Th�À�uU(]a]aU9\�j�Th`­�ZsZTh\f±pT�kmU9\M^aU���ThiZ\[bZehUd�.kmThU��uTV^­U9Th\fUp�ÞSFUpe�b�»
rZUp`l]aU9Y[U9\³]aTh\[k-v?��TV^{rKU9`c]a�cY[TVU(kmU9\[U9\�SPU9e�b�»m]�j�Th`ck«\�gf\ kfTVU�����bde�b
iKU9UpTh�cYM^pv���U9T¸gf\!]_Up`aUp`
U9`c]_^aU9\���Up]l]_g[\fi5Up`aY[TVUpeV^aU9\�j�Th`IrMThUp`_��bK�cY�£�U(bd�m]PjxU(]_Y[bZeh~�j�TV`IkmThU{��ehU9Th�KsZehehT���b�^lsZ`aU9\�rKU9`a�
j�U9\[kmU9^aUp\.�-k[buUp]I]_T��cY�j¸bdYf`c]a�cY[U9Th\fehT��cY�gf�2�uU9Yf`a��bZ�cY�}PsZTh\f±pThkfU9\f±pU9\%Y[bd\[kfU9eV^aUZv�	��ÐkmUp\
®?Th\mä[g!]a]{kmU9`�}PsZehehTV��bd^asK`abd~!]@^c�d\[kmU�±9g�~,Up]_^aTh�u�uU9\«��bK�cYM^aU9\ßj�Th`�kf`aUpT���U(]a]agf\fiKU9\�g[\[k
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zur Eichung der Zeitskala
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