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Pion (m=135 MeV, z=1)     

’Heavy Pion’ (m=500 GeV, z=68.5)     

Monopole (m=500 GeV, g=68.5)     

’Light Monopole’ (m=135 MeV, g=1)     
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Level 2
Trigger

Level 1
Trigger

4 Events
L2 Buffers:

300 Hz Accept Rate
~ 20 Latency
Asynchronous 2-stage Pipeline 

µs = 1/50 kHz

132 ns Clock Cycle)(

L1+L2 Rejection factor: 25,000

Rejection factor:
Accept rate < 75 Hz

> 4

Mass
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OQPSRUTWVYX[Z]\_^a`b^dc[`feg\hRaRa\hij`�Phklem\hno^dTWpqZW`qRr^dcgnUPjXgijcsVt\_^U^d`+nK\hRKuE`qZWZv\hRK^acg`�`+Zw`+px^dnaPhygTWp5nU`+RUezPjy[Ra`{Phk
Rae|`+pqTw}m`q~�~g`x^d`qpq^dPhntRo��Ro^d`qVtRq��cgTWijc�`qyg`+nUih�Segc���RUTWpqTWRU^aRtpqPjV%VtPjy[Zw��X[Ra`b\fRUPhk�^�u�\_na`*em\hp���\hij`*pG\hZwZW`q~
�v���-� O<���������UOQnd\_p���Twygij��\�em\_nU^dTwp+Zw`*^acgnaPjX[ijcsRaPjV%`5~g`x}myg`q~2~[`q^d`qpq^aPjn�ij`+PhVt`x^dnU�@na`xk�`+nURK^dP�^dc[`
TWy�^a`+ijna\_^dTwPjy�PhkQ^dcg`v`+��Xm\�^dTWPhygR PhkMV%Ph^aTWPjy�PhkQ^dc[`¡eg\hnU^aTWp+Zw`'\hyg~¢^dc[`+na`q£��¢`q¤_\hZWXg\_^dTwygi¥RaXgpqp+`qRaRaT¦¤j`YRo^d`qegR
Phk4^acg`Cem\_nU^dTwp+Zw`h§�R¨^dna\�©U`+px^dPjno�j� � ~g~gT¦^dTWPhym\hZWZ¦�r^aPr^dcg`l��TWyg`qVr\_^aTWpqR-Phk(^acg`Yem\_nU^dTwp+Zw`h�ªu cgTWp�c�\_na`YXgRUXm\hZwZw�
~g`x^d`+nUVtTwyg`+~{£���T¦^dR'p�cm\hnUij`h�«Vt\hRURl\_yg~�^dcg`Y}m`qZW~{p+Phy[}mijXgna\_^dTwPjy�Phk¬^dcg`¥^and\G¤j`qnaRa`q~­RUem\hp+`_�®`G\hp�cfRU^a`+e
cm\hR¯^dPCk�`+\_^dXgnU`-pqPjnanU`+pq^aTWPjy[R¯^dPY\hp+pqPjXgy�^�k�Pjn¬^dcg`°e[na`+RU`+ygpq`'Phk®Vt\_^a^a`+n+�MO�cg`°~gT¦±²`qna`+y�^¯u�\G��R \Cem\hno^dTwp+ZW`
TWy�^a`+nd\_pq^dR%u Tw^ac@^dc[`³`x´�e|`+nUTWV%`+y�^�\hZµRa`x^dXge¶\_na`*na`qk�`qna`q~·^dP�\_Rregc���RaTwpG\hZ¨egnaP�p+`qRaRa`qR+�:¸�PjV%`³Phk°^acg`+RU`
egnUP�pq`+RaRU`+R4\_na`�`+yg`qnaih�¡ZwPjRaR®~gXg`¬^dPµTWPjy[TW¹G\�^dTWPhyº�!VYXgZ¦^dTWe[ZW`(RUpG\_^U^d`+nUTWygi[�h»G¼�na\!�°egnaP�~gXgpx^dTWPhyº�_~[`+pG\G�h�j`+yg`qnaih�
ZWPhRaR�~gXg`v^dP0£gnU`+V%RaRo^dnd\_cgZWXgy[i%Phnµ½Ecg`+nU`+yg�_P�¤bZWTwijc�^�egnUP�~gX[pq^dTwPjyº�

O�cg`-pqnaT¦^dTWp+\hZg^�\_Ra�¥u cg`+yt^dnd\_p���TwygiY\¡em\hno^dTWpqZW`�^dc[naPjXgihcK\lpqPjV%egZW`¾´%~g`q^a`+pq^aPjnERo^dnUXgpq^aXgna`¨TWR¬`q¿%p+Tw`+y�^
RU^a`+elRaTW¹q`¯~[`q^d`qnaV%TWym\�^dTWPhyº�!^�\h��TWy[iµTwy�^dP¨\hp+pqPjXgy�^M^acg`¯e[naP�p+`+RURa`qRMym\hV%`+~C\h£|P�¤h`E\_RQu¯`+ZwZ�\hRQ^acg`¬ij`+PjV%`q^anU�
Tw^aRa`qZwkÀ�(O�cg`vRo^d`+e¢Zw`+ygih^ac¢TWR�ZwTWV%Tw^d`q~r£��K^acg`'em\_^ac*Zw`+ygi_^dcK^dPY^acg`vyg`x´�^ Vt\_^d`qnaTW\hZz£|PjXgy[~m\hnU��\hR�uE`qZWZ«\_R
£���p+PhygRU^and\hTwy�^aR Ra`q^¨£��K^dc[`¡e[c���RUTWpG\_ZQe[naP�p+`+RURa`qR+�
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O�cg`vu�\G�*em\hno^dTwp+ZW`°^and\hp���TwygitTwR�TWV%egZW`qVt`qy�^d`+~¢Twy �v�4�°� O";%TwR TWZWZwXgRU^and\_^a`+~�Twy$�MTwijXgnU`����<�h�>= PjX[^aTWyg`qR
u cgTwp�cSRo^�\hno^Yu Tw^ac �@?BA[�{\hna`rXgRaXm\_ZWZw��`+V%e[^���£���~g`xk \hXgZw^¥\hyg~�\hZwZWP!u ^dc[`�XgRa`qnY^dP�TWV%egZw`+V%`+y�^CpqP�~[`
u cgTwp�cbTwR�pG\hZwZW`q~¢\_^�uE`qZWZº~[`q}myg`q~b`qy�^dnU�¢e|PjTwy�^aR�TWy�^aP0^acg`'RaTwVYXgZW\_^dTwPjyregnUP�pq`+RUR+�¬O�cg`v`+y�^dno��ezPhTWy�^dR�p+\hy
£|`%X[Ra`+~fk�Pjn'¤_\hnaTwPjXgR'egXgnUezPhRa`+R¡ZWTw�h`¥egnUTWy�^dTwygi¢PjX[^¡~g`q£gXgi³Twy[k�PjnUVr\_^aTWPjy²�²Rae|`+pqTwk���TWy[i¢^acg`0^dnd\_p���Twygi¢Phk
Ra`qp+Pjy[~m\hnU�¢eg\hnU^aTWp+Zw`+R�Pjn�cg\hyg~gZwTWygiY^acg`v~g`q^a`+pq^aPjn na`qRae|PjygRa`¡Phk(\0RU`+Z¦k]¼�TWV%egZw`+V%`+y�^d`q~Kij`+PhVt`x^dnU�h�

O�cg`Y^dna\hp���TWygi¢\�^'`q¤h`+y�^¡ZW`q¤h`+Z(TwR°p+Phy�^anaPjZwZW`q~5£��C?�DFEHGFIFG�p+\hZWZw`+~5£��C?BAJDFEFGHI³u cg`+nU`Y^dcg`¥XgRU`+n'p+\hy
e|`+nUk�PhnaV�\h~g~gT¦^dTWPhym\hZQ\hpq^aTWPjy³£z`xk�Pjna`LKh\_k�^d`qn-`+\hp�c{`q¤j`qy�^lTwR¨^and\hp��_`+~º�M?NDFEFGFIFG5ZWP�PjegR¨P!¤j`+nv\_ZWZQem\hnU^aTWpqZW`+R
TWy¶Pjy[`f`x¤j`qy�^5\hyg~2TWygT¦^dTW\hZWTw¹+`+R0^dc[`f^and\hp���u T¦^dc2Tw^aR�egnaTwVr\hno��eg\hnd\hV%`q^a`+nUR*£|`qk�Phna`{pG\hZwZWTwygi)?�DFEJOHP�Q|�
RM\_nd\hV%`q^a`+naR¡\hnU`¥k�Pjnv`x´[\hV%egZW`Y^acg`0em\hnU^aTWpqZW`Y^���ez`_��TwygTw^aT]\hZQe|PjRaT¦^dTWPhyº�«`+yg`qnaih�f\_yg~�V%PjV%`+y�^dX[Vb�TS ^¡TwR
pG\_ZWZW`q~¢£���^acg`¡XgRa`qn¨nUPjX[^dTwyg`�?BAUDFEHONQ¢^dP%cm\hyg~*p+Pjy�^anaPjZ«^dP0^dc[`lXgRU`+nµ£z`xk�Pjna`v`+\hp�c³em\_nU^dTwp+Zw`'TWR�^dna\hp��h`q~º�
?�DFEJOHP�QlXgRa`qRM^dcg`¯ezPhRaTw^aTWPjyvPhk[^dcg`¯em\hnU^aTWpqZW`4^dPµ}mijXgnU`EPjX[^Q^dc[`Ep+X[nana`qy�^4Vt`q~gTWX[V \hyg~CZwP�\h~gRQTw^aR�Vt\_^a`+naTW\hZ
em\hna\hV%`q^d`qnaRq�4O�cg`'¤h\_naT]\_£gZW`TVWDFEFDFXHYK~g`q^a`+naV%TWy[`+R�Pjyg`vPhkQ`qTWijc�^ e|PjRaRUTW£gZw`-^dna\hp���TWygi¥^���ez`qRµ^acg`'em\hno^dTwp+ZW`
TWR¡\hRURaTwijyg`+~f^dPb\hyg~�`G\hp�c­^���e|`tcg\hRlT¦^dRvp+Phnana`qRae|Pjyg~gTwygib^and\hp���TwygibnUPjX[^aTWyg`_��p+\hZWZw`+~{TWyf`q¤h`+nU��RU^a`+e�£��
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O�cg`¥Twy�^a`+na\hpq^aTWPjybZW`+y[ih^dc�\_RaRaTwijyg`q~5^dP�`G\_p�c�egnaP�p+`qRaR'TWR-p+PjV%egX[^a`+~�£|`qk�PjnU`l^dna\hp���TWygi¢\tem\hnU^aTWpqZW`h�-O�cg`
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em\hno^dTwp+ZW`'V%TWihc�^�cm\G¤j` ©UX[RU^µ£z`q`+ybp�cg`+p��_`+~5k�Pjn ~g`qpG\G�b\hyg~b\_k�^d`qnUuE\hna~gRµp+nUPjRaRU`+~³\%Vt\_^d`qnaTW\hZº£|PjXgyg~m\_nU�j�
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O�cg`�~gTwRU^d\hygp+`r£z`x^�uE`q`+y�^dcg`KpqXgnanU`+y�^%ZWP�pG\_^aTWPjy�\hyg~�^acg`�yg`¾´�^C^dP�£|`Kp+PjV%egX[^a`+~�TwRY~g`q}gyg`+~S\hR 5@0 ; 6

5@1��/; � � \hp�c­\_pq^dT¦¤j`0egnUP�pq`+RaR¡p+PhygRU^and\hTwygR'^dcg`%RU^a`+efRaTW¹q`%\hyg~fRa`q^aRC\¢Vt\�´�TWVYXgV ZWTwVtT¦^G�M�ªPhn'ij`+PjV%`q^anU�
p+PhygRU^and\hTwy�^aR+�m^dc[`¡`qRU^aTWVt\_^d`q~b~gTwRU^d\hygp+`'^aP%^acg`ly[`x´�^-£|PjXgy[~m\hnU�¢TwR�Xge|~m\_^d`q~³Twy*`+\hp�c5Ro^d`+e³\hyg~*na`q`q¤_\hZ¦¼
Xm\_^a`+~�£�� ?�D��NG��ND�u c[`+y�yg`qp+`+RURd\hno��£m\_Ra`+~�Phy�ZWTwyg`G\hnv`¾´�^and\he|PjZW\_^dTwPjyº��O�cg`KV%TWy[TWVYXgV�Phk \hZwZ�^acg`+RU`
Vt\�´�TWVt\³Ra`x^0£��­^dcg`¢~gT¦±²`qna`+y�^0egnUP�pq`+RURa`+R%~g`x^d`+nUVtTwyg`+RY^acg`�p+X[nana`qy�^tRo^d`qe@RUTW¹+`_�¬u c[TWp�c�TWR¥em\_RaRa`q~S^aP
?BA���� V �z�²T¦kM^dc[`Cem\hno^dTwp+ZW`¡TWRµp�cm\hnUij`+~²���-^dc[`+nUu TwRa`_�|^acg`l^and\hp��*ij`q^aR-ZwTWyg`+\hnaZ¦�K`x´�^and\he|PjZ]\�^d`+~²�²\hpqp+PjnU~gTWy[i
^dP0T¦^dR�p+X[nana`qy�^-V%PjV%`+y�^dXgV*�
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O�cg`tnaPjX[^aTWyg`+?BA��9��V ��Vt\hym\hij`qR'^dcg`%RUu TwVtV%TWygi¢PhkEp�cm\hnUij`+~�em\hnU^aTWpqZW`+R¡\hpqp+PjnU~gTWy[i*^aPb^dc[`%}m`qZW~fp+Pjy�¼
}mijX[nd\_^aTWPjy¢~g`x}myg`+~³TWy�^dcg`¡~g`x^d`+px^dPjnµij`qPjVt`x^dno�j�EO�c[` V-:�VWG����<;ª\hi%egnUP�¤�Tw~g`+RµTWy[k�PhnaVt\_^dTwPjy�\h£|PjX[^ ^dc[`
Vt\hijyg`x^dTWp4}m`qZW~Ye[na`+RU`+y�^�\_^Q^dc[`Ep+X[nana`qy�^4Raem\_p+`Ee|PjTwy�^+� S km^acg`EVt\hijy[`q^dTwp4}m`+Zw~CTWR�\hnU£gTw^and\hno� �2V-:�V G	���>=@?/�¾�
?�EFQNAJDHO�e|`+nUk�PhnaV%Rv\¢k�PjX[nU^dc{PjnU~g`+n�= Xgygij`¾¼�A'X[^U^�\�TWy�^d`qijnd\�^dTWPhy�TWy{Pjna~[`+n°^dP*p+PhVtegX�^d`Y^dc[`%y[`x´�^l^and\�¼
©U`+px^dPjno�·e|PjTWy�^+� S kv^acg`�Vr\_ijyg`q^aTWp*}m`+Zw~sTWRKpqPjygRU^d\hy�^ �2V-:�VWG����>=�B���PhnK`q¤h`+y2cm\hRl©UXgRo^¢Pjyg`5ygPhyg¹+`qnaP
p+PhVte|Pjyg`qy�^0Twy�¹x¼ ~gTWnU`+pq^aTWPjy �7V-: VWG	���>=�C	�¾�¯^dc[`�Pje[^dTwVtTw¹+`q~�naPjX�^dTWy[`+R ?��FG���V-��\hy[~ ?��FG	���>C�\_na`�XgRU`+~
na`qRae|`+px^dTw¤h`+Z¦�f^aP³Rou TWV ^dcg`tem\hno^dTWpqZW`_� � ZwZ�^acgna`q`rnUPjX[^dTwyg`+Rl\hnU`tpqPjygRU^and\hTwyg`+~�^dP³e[naP!¤�TW~g`%^dcg`%~g`+RUTWnU`+~
RU^a`+etRaTW¹q` £z`x^�uE`q`+yr^acg` p+XgnUna`+y�^�\hyg~0^dcg` yg`xu Zw�0p+PhVtegX�^d`+~%ZWP�pG\�^dTWPhyº�D�'y[p+` ^dcg`µ\hege[naPjegnUT]\_^a` naPjX[^aTWyg`

Á ;



TWR-p�cgPjRa`qyº� ?BA,:�VWG	���5u TWZwZM£|`YpG\hZwZW`q~º�²u cgTwp�cfTwR°RaX[egezPhRa`+~{^dP�TwVte[ZW`+V%`+y�^µ^dcg`¥Vt\hijy[`q^dTwpC}m`qZW~5¤j`qpq^aPjn
\_^ `x¤j`+no�*ezPjTwy�^�PhkQ^dcg`v`x´�e|`+nUTWV%`+y�^�\hZ«RU`q^aXgeº�

� ��� /��&� ��% (6'����8�#. *�/ ( +-1�. 
���� 
��
� k�^a`+n�^dcg`¨em\hno^dTWpqZW` cm\hR¯£z`q`+yr^and\hy[Rae|PjnU^a`+~º��\hZWZ|\hpx^dT¦¤j`µegnaP�p+`qRaRa`qR \hna`¨\hege[ZWTW`q~º�MO�c[`¨^dna\hp���TWygiCnaPjX[^aTWyg`
pG\_ZWp+X[Z]\_^a`+R¬VYXgZw^aTWegZw`�Rap+\_^a^a`+naTwygiY\_yg~K`+y[`+nai_�rZwPjRaRq�[\hy[~rXge|~m\_^a`+RE^acg`-em\_nU^dTwp+Zw`h§�R¬��Twyg`+Vt\_^dTwp+R('	�°TwRap+nU`q^a`
egnUP�pq`+RaRU`+Rµ\hnU`'`q¤_\hZWXg\_^d`q~�Twk®RaX[ijij`+Ro^d`q~b£��K^acg`+Twn�TWy�^d`qnd\hpx^dTwPjyKZW`qygih^ac¢\hyg~�TWy�p+\hRa`'P_k�P�p+pqXgnanU`+ygpq`h�m^dc[`
}mym\_Z¯Ro^�\_^a`KTWRlij`+yg`qnd\_^a`+~ 'E¸�`qp+Pjyg~g\hnU�­em\hnU^aTWpqZW`+Rl\hnU`rij`qyg`+na\_^d`q~�u cg`+nU`¢\hegegnUPjegnaTW\_^d`t\hyg~�Ro^dPjnU`+~�Twy
\{Ra`+eg\hnd\_^a`bRo^�\hp���^aP�£|`*^and\hp��_`+~·ZW\_^d`qn+�@O�cgTWR0egnUP�pq`+~gXgnU`³nU`+e|`G\_^aRtXgy�^aTWZ�^dc[`b`qyg~�Phk¨^dcg`*em\hno^dTwp+ZW`
^dna\�©U`+px^dPjno�j�gu cgTwp�cbTwR�~g`q^a`+nUVtTwyg`+~*£���Pjyg`vPhkQ^dcg`'k�PjZwZWP!u TWy[iCk�PjXgn�egnUP�pq`+RURa`+R �

) 5@0 ,-6 �(^dcg`vem\_nU^dTwp+Zw`°ZWPjRo^µ\hZWZ²Tw^dR���Twyg`q^aTWp'`+y[`+nai_�K^dcgnUPjXgijc*Tw^aR�TWy�^d`qnd\hpx^dTwPjyKu Tw^acbVt\_^a^a`+nq�

)=<	;-*�

� ��^dcg`lem\hno^dTWpqZW`¡~g`+p+\G�j`+~{Twy�^aPK\t}gym\hZQRU^�\�^d`YPhk(Ph^dcg`qn-em\_nU^dTwp+Zw`+R+�µO�cg`C}gym\hZQRU^�\�^d`YTwR¨pqPjV0¼
egX�^d`+~b\hyg~¢^dc[`¡~g\hXgijc�^d`qn em\hnU^aTWpqZW`+R \_na`'egX[^µTwy�^aP%\0Ro^�\hp��K^aP0£z`'^dna\hp��h`q~³ZW\_^d`qn+�

) 13.�0 ;@8�
	*@0 1 ,/. �Q^dcg`°eg\hnU^aTWp+Zw` TWy�^d`qnd\hpx^dR�\_yg~r^dc[`-}mym\hZ|RU^d\_^d`¨cm\hR¬^dPY£|`-ij`qyg`+na\_^d`q~º� � `xu2em\hnU^aTWpqZW`+R
\hnU`'egX[^µTWy�^aPt\¥Ro^�\hp��K^aP%£|`'^dna\hp��h`q~³Z]\�^d`+nq�

)+;-5�*�
@6�; �M^acg`vem\hno^dTWpqZW`°^and\G¤j`qZWR PjX[^aRaTW~[`°^dcg`v£|PjXgyg~m\_naTW`qR Phk�^acg`v`x´�e|`+naTwVt`qy�^�\hZºRU`q^aXgeº�
�MTWihXgna` ��� � TWZwZWXgRo^dna\_^d`qREPjyg`'Ro^d`qebPhk®^acg`'~g`+RUp+nUTW£|`+~¢^dnd\_p���Twygi%\hZWihPjnaT¦^dcgV k�Pjn�^acg` ?�D��JO��FE�nUPjX[^dTwyg`h�

Á �



VECT,SNEXT,SAFETY

Compute SFIELD,SMULS,SLOSS,SDCAY

Compute distance up to next Delta ray production SDRAY

Compute distance up to next hadronic
interaction CALL GUPHAD SHADR

STEP = minimum of all steps

IF(FIELD=0) linear extrapolation
otherwise CALL GUSWIM

otherwise CALL GUSWIM

Check if still in same volume. If not reduce step
and start again CALL GINVOL

Multiple scattering: CALL GMUL/ GMOL
CALL GINVOL

If Hadronic interaction: CALL GUHADR
If Decay: CALL GDECAY

If Delta ray: CALL GDRAY

VECT,STEP,NMEC,LMEC,NGKINE
INWVOL,IGNEXT,ISTOP,DESTEP

�MTwijXgna`:��� � � � O�� � �:= �[^dna\hp���TWygi%cm\h~gnUPjygR TWy �v�4�°� O ;0\hRµ\¥^dna\hp���TWygi0naPhX[^dTwyg`'`x´[\hV%egZW`
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O�cg`v^dna\hp���TWygi0em\hp���\hih`¡TwR�`x´�^d`qyg~g`q~³^dP0e|`+nUk�PhnaV ^and\hp���TWy[itPhk�Vt\hijyg`x^dTWp-p�cm\hnaih`h���MTWijX[na` �����v~g`+e[TWpq^aR
cgP!u ^acg`'^dna\hp���TWygi%\hZwijPjnaT¦^dcgV TwR�VtP�~gTw}g`+~º� � y[`qu:^and\hp���TWy[i0^���e|`h� VWDFEFDHXFY�=�
%TwR�~g`q}my[`+~b^aP0Z]\h£|`+Z
Vt\hijyg`x^dTWp¢V%PjygPje|PjZw`+R+�@O�cg` P��HONEJ?�G@¤_\hnUT]\h£gZw`h��u cgTWp�c@TWR%Vt`+\hy�^0^dP­Ro^dPjnU`*^acg` ;
�?;-*@0 8 1 * p�cm\_naij`*Phk
\�em\hno^dTWpqZW`_�¬TwR0XgRa`q~S^aP�Ro^dPjnU`¢^acg`¢Vr\_ijyg`q^aTWpKp�cg\hnaij`*Phk-\�VtPjy[PjezPhZW`ru cgTwZW`K^acg`¢`+ZW`qpq^anaTWp�p�cg\hnaij`¢TwR
\hRURaXgV%`+~�^dP{£|`K¹+`qnaPg��O�cg`¢TWV%egZW`qVt`qy�^�\_^aTWPjyf~gP�`+R¥ygPh^0RUXgege|PjnU^0~��jPjy��l^dna\hp���TWygi{\_yg~�ygP{naPjX[^aTWyg`
cm\hR¥£|`+`qy�TWV%egZW`qVt`qy�^a`+~�^aP�~g`G\hZ¯u Tw^dc�^acg`¢��TWyg`qVr\_^aTWpqRCPhk¨\�em\hno^dTWpqZW`tpG\hnUnU��TWygi�£|Ph^acS`qZW`qpq^dnUTWp�\_yg~
Vt\hijyg`x^dTWp-p�cm\hnaih`h�

� yg`qu ^and\hp���Twygi{naPjX[^aTWyg`_�>?�D������FY�TwR¥TWV%egZW`qVt`qy�^d`+~�^aPf~[`G\hZ�u T¦^dc�em\hno^dTWpqZW`qR¥Phk-^and\hp���TWy[i{^���e|`
VWDFEHDFXFY>=�
m�&S ^tTWR%pG\hZwZW`+~�£�� ?�DHEHOHP�Q�TwyS^acg`³Ra\hV%`*k \hRUcgTWPhy�\hR0^dc[`³Ph^acg`+n0^dna\hp���TWygi�naPjX[^aTWyg`qR+� S ^aR
RU^anaXgpx^dXgnU`lTwR�RacgP!u ybTWy �MTWihXgna` ��� ;[�
S�y�Pjna~g`qnC^dPb^dnd\_ygRae|PjnU^¥\³VtPhygPje|PjZW`t\hp+pqPjna~[TWygi5^aP³^dcg`r��Twyg`+Vt\_^aTWp+Rlegna`qRa`qy�^a`+~STWyS¸�`qpq^aTWPjy � � � �

?�D������NY¡pG\hZwZWRQ\¨y[`qu�naPhX[^dTwyg`h�B?BA �9���HY¡TWygRo^d`G\_~CPhk�?BA��9� V��z��O�cg`EnUPjX[^aTWyg`�?BA������HYlp�cg`+p���R4Pjyv^dcg`E\hpq^aTw¤h`
Vt\hijyg`x^dTWp°}g`+ZW~*p+Phy[}mijXgna\_^dTwPjy*\_^�^dc[`lpqXgnanU`+y�^-ZwP�p+\_^dTwPjy¢\hyg~*pG\_ZWZWR�^acg`vna`qRae|`+pq^aTw¤h`l^dna\hp���TWygi0nUPjX[^dTwyg`h�
S k¬^dcg`¥Vt\hijyg`x^dTwpl}m`qZW~{TWR°pqPjygRo^�\hy�^l\hyg~f\hZwPjygir^acg`¥¹x¼�\�´�TWR+� ?�YHONEHO��³pG\hZwp+XgZW\_^d`qR-^dcg`¥Ro^d`qe�`x¤h\_ZWXm\_^aTWygi
^dc[`Y\hym\_Zw��^dTwpG\hZ®RaPhZWX[^aTWPjy¢k�PjXgyg~³TWy{¸�`qpq^aTWPjy � � � �-O�cg` ?�YHONEHO��*naPhX[^dTwyg`lX[Ra`+Rv\tRae|`+p+TW\hZ�\hZWijPhnaTw^acgV?^aP
^dna\hygRok�PjnaV ^acg`¨ihTw¤j`qytRo^d`qeKRaTw¹+` TWy�^dPv^dc[`¨nU`+Rae|`+px^dT¦¤j`¨^aTWV%`�TWy�^d`qnU¤_\hZ � �mPjn¬\hyt\hna£gT¦^dna\hnU�¥Vt\hijy[`q^dTwp�}m`+Zw~
p+Phy[}mijXgna\_^dTwPjyº� ?�EHQFD��HY³e|`+nok�PjnaV%R°\%k�PjXgnU^ac�¼�Phna~g`qn = Xgygij`¾¼�A'X[^U^�\rTwy�^a`+ijna\_^dTwPjy¢^dPKpqPjVte[X[^d`¡^dcg`lyg`qu
e|PjRaT¦^dTWPhyº�(O�cg`vRa`x^-P_k�^�u¯P%}gnaRU^o¼�PjnU~g`+n�^aTWV%`x¼�~[`+e|`+yg~g`qy�^ ~gTw±z`+nU`+y�^dTW\hZº`+��Xm\�^dTWPhygR�^dP0£z`vRUPjZw¤h`+~º�

��� � ��� ��
��� � ������

TWR�^and\hy[RUk�PjnUVt`q~*Twy�^dP%\¥na`+e[na`+RU`+y�^�\�^dTWPhy³£m\hRU`+~*Pjy¢^dcg`vem\_^ac¢ZW`+y[ih^dc � �"! ��# �%$ ��## $ ��#& ^dc[naPjXgihc
'
')( �

' �
'*(
'
' � �,+-�

'
' �

.0/�132
46587:9%;=<>;
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Update material data
if medium has changed

Compute current stepsize limitation due to
 -ray production?δ

multiple scattering?
Cerenkov production?

geometry?

Transport particle
CALL GPARAB

IFIELD=?
CALL GRKTMP

Check if still in same medium CALL GINVOL  cut STEP⇒ISAME=0 

Calculate mean energy loss  > DEEMAX?
GEKIN

DEMEAN  cut STEP⇒

Apply energy loss fluctuation CALL GFLUCT

Apply multiple scattering
SLENG=STEP(1+CORR)

CALL GMULTS

Apply active processes
IMCHKV=1?

...

 CALL GGCKOV⇒
...

Update interaction probabilities

�MTWijX[na` ��� ;U�¯¸�^anaXgpx^dXgnU`¡P_kMV%PjygPje|PjZw`-^dna\hp���TWygi0naPhX[^dTwyg` � O�� � � R

Á �



^dP
' �
' � � � ��

+' �
' � � ��R���

O�cg`°RU`q^ Phk®`q��Xm\_^dTwPjygR�TwRETwy�^a`+ijna\_^d`q~KP!¤j`qnE^dcg`-p+XgnUna`+y�^ Ro^d`+e¢RUTW¹+`¨ijTw¤h`+y�£�� ?ND������NY�\hpqp+PjnU~gTWygil^dPY^dc[`
= Xgygij`¾¼�A'X[^a^d\lTwVtegZw`+V%`+y�^�\�^dTWPhy%e[na`+RU`+y�^d`q~¢TWy�= `qk�`qna`qygp+`0� � � � �4O�cg`'\_£gRaPjZwX[^d`µ`+nUnaPjn¯Pjyr^acg`-Ro^d`+e�RUTW¹q`
TWR-`+RU^aTWVt\_^d`q~f\hRv\rk�Xgygpx^dTWPhyfP_k¬^acg`0em\hno^dTWpqZW`lVtPjV%`+y�^aXgV \hy[~f~[`+ZWT¦¤j`qnaRv\hygP_^dcg`qn'p+PjygRo^dna\hTWy�^vPjy�^dc[`
Vt\�´�TWVYXgV RU^a`+egRUTW¹q`h�-S ^¬TWR4^dc[`+na`xk�Pjna` `x¤h\_ZWXm\_^a`+~0TWy+?�D������NY%£|`qk�PjnU` ? A��9���HYtTwR4pG\hZwZW`q~¥TWy0pG\hRU`µ^acg`�}m`+Zw~
p+Phy[}mijXgna\_^dTwPjy¢~g`+Vt\hyg~[R0= Xgygih`x¼�A'X[^U^�\¥TWy�^a`+ijna\_^dTwPjyº�

�	� �	� � ! 1�� ��3���� � "�"

O�cg`�&E`x^dcg`¾¼ &EZwP�p�ctk�PjnaVYX[Z]\lRUXgijij`qRU^aR+�[^acm\_^�^acg`°`+y[`+nai_�KZWPhRaRE~[Xg`-^dP¥TwPjygTw¹G\_^aTWPjy%~gP�`+R�ygP_^�~g`qez`qyg~¢Pjy
^dc[`rem\hno^dTwp+ZW`0Vt\hRaR¡£gX[^�©UXgRo^YPjy�Tw^dR�� ��k�Pjn � � ��� �*O�c[`+na`xk�Pjna`_� �v���-� O�pqPjVte[X[^d`qR¡^d\h£gZW`qR¡k�Phn
`+y[`+nai_�KZWPhRaR
	��	�
 ��� ����� ��\hyg~�nd\_ygij`�� ��� ����� �¬k�Pjn�\_ZWZ|Vr\_^a`+nUT]\hZwRE\_^E^dcg`'£|`+ijTwygygTwygiYPhk�\YRaTwVYXgZW\_^dTwPjy%k�Phn
^dc[na`+`¨��TWyg~gR¯Phkºeg\hnU^aTWp+Zw`+R �M`+Zw`+px^dnaPhygR+��VYXgPjygRq�[\_yg~regnUPh^dPhygREPjn¯\hZwZmPh^dcg`qn¯eg\hnU^aTWp+Zw`+Rq��¸�TWy[p+`µVtPjy[PjezPhZW`+R
\hnU`�\hRaRUXgV%`+~Y^dP'£|`�cg`+\G¤��h��^dcg`�e[naPh^aPjyC^�\_£gZW`�TwRMXgRU`+~¥^dP-p+PjV%egX[^a`�`+yg`qnaih�CZWPjRUR(Phk|\°Vt\hijyg`x^dTwp¯p�cm\_naij`_�
O�cg`r^d\h£gZw`%k�`+\_^dXgnU`+Rl`+yg`qnaih��ZWPjRUR¡¤_\hZwXg`+R¡k�Pjnl\³Rae|`+px^dnaX[V Phk�� Â ��TWy[`q^dTwpt`qyg`+nUih�f¤h\_ZWXg`qR+�Mu cgTwp�c�\hnU`
RU^aPjna`q~­Twy{^acg`%\hnana\G� G	���9�z�®O�cg`%`+yg`qnaih�{ZwPjRaR'k�Pjnv\¢VtPhygPje|PjZW`YP_kE��TWy[`q^dTwp0`+yg`qnaih�����lTwRvpG\hZwp+XgZW\_^d`q~
\hpqp+PjnU~gTWygi¥^aP0^acg`'k�PjZWZwP!u TWygi¥\_ZWijPjnUTw^acgV �
�j�¨½�\hZwp+XgZW\_^d`¨^dcg`v��TWyg`x^dTwp'`+yg`qnaih�����¨P_k(\0egnaP_^dPjy�u Tw^ac�^dcg`vRd\_Vt`��­ZwTW�_`-^dcg`vV%PjygPje|PjZw` �

��� � �
�
�! #" � � �  #" �

� � �°`x^d`+nUVtTwyg`°Twy�^a`+no¤h\_Z«TWy�`+y[`+nai_�¢ZWPjRUR�^�\h£gZw`°u cgTWp�c*p+Phy�^d\hTWy[R���� �$� �&% �('�)+* ��, � � �
� �.- ���0/1� � � �12 , � � 243536352 � Â

;[�¨½EPjV%egX[^a`v`+yg`qnaih��ZwPjRaR�^acgnaPjX[ijc¢ZWTWy[`G\hn�Twy�^d`+nUezPhZ]\_^aTWPjy �
' �
' � �$���@� � ' �' � �$� � � $ ���879� �� � � � 7:� � �<; ' �' � �$� � � � �<7 ' �' � �=� � �?>
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�MTwijXgna`>��� � � � yg`+nUih���®PhRaR+�hpG\hZwp+XgZW\_^d`q~Y\hpqp+PjnU~gTWygiµ^dP &E`q^acg`x¼ &EZWP�p�cY\hy[~YPj£[^d\hTWyg`q~lk�nUPjV egna`qpG\hZwp+XgZW\_^d`q~
�v���-� O2^�\h£gZw`+R ��Vt`q~gTWXgV � \hTWn:�

� � V%P�~[Twk��vna`qRaXgZ¦^4\hpqp+PjnU~gTWy[i°^dP-^acg`�V%PjygPje|PjZW`¬V%P�~gT¦}mpG\�^dTWPhylPhk9&¯`q^dc[` &EZWP�p�cYegnU`+Ra`qy�^d`+~%TWy � ��Xm\�¼
^aTWPjy � � � � ��� �

' �
' �

 #" �
�=��� � � ' �' � �=���-� � � # � � #

�MTWihXgna`T��� � pqPjV%em\hna`qR-^dc[`¥~g`+nUTw¤j`q~ �¡�4�°� O `+yg`qnaih�³ZWPjRUR-^�\h£[ZW`lk�Phn°Vr\_ijyg`q^aTWplVtPjy[PjezPhZW`+R u Tw^ac
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£m\hn¯~g`+RUp+nUTWe[^aTWPjytPhk �¡�4�-� O'��u c[TWp�cKTwVtegZw`+V%`+y�^dR�^dc[`+V?\hREnU`G\hZ|£m\hnUR¯u Tw^acKRa��Xm\_na`°pqnaPjRUR�Ra`qpq^dTwPjyº�[\hZWZ
Phk«^acg`+V?pq��ZWTwyg~gnaTwpG\hZwZw�0\_nand\_ygij`+~²�(O�cg`'RU^d\hyg~�¼�\hZWPhyg`-egnUPjijna\hV�^dna`+\_^dR¯^dcg`'O�TwVt`¾¼�Phk]¼ �MZWTwijc�^4RU��RU^a`+V�\_R
Pjyg`Epq��ZWTwyg~g`+nq� �MTwijXgnU`���� � RacgP!u R(^acg`�~gTw±z`+nU`+ygpq`�£|`q^�u¯`+`+y0^dc[`�`+yg`qnaih�CRae|`+pq^and\'\_^M^dcg`�O�TwVt`¾¼�Phk]¼ �MZWTwijc�^
RapqTWy�^dTwZWZW\_^dPjn�`+y�^dno�%ezPjTwy�^dR+��O�cg`µ~gTWRUp+na`qem\hygpqTW`qRE\hnU` ~gXg` ^dPv^dcg`µ~gTw±z`+nU`+y�^¬ij`+PhVt`x^dnaTw`+R¬\hyg~%`+y[`+nai_�0ZWPjRUR
;mXgpx^dXm\�^dTWPhy*`x±²`qpq^aR¨Twy �v�4�°� O'�

O�cg`-nU`+RUXgZw^aR�\hnU`¨Ra\_^dTwRUk \hpx^dPjno�%\hyg~KRUcgP!uv��^dcg\_^EV%PjygPhezPjZw`�^dna\hp���TWygilTWR¬RaXgpqp+`+RURUk�XgZwZw�%TWV%egZw`+V%`+y�^d`q~
TWy �¡�4�-� O'�|O�cg`C^�\_TWZ®TWy*^dcg`C\h£gRaPhZWX[^a`x¼�~[TWRae[Z]\hpq`+V%`+y�^-~[TWRU^anaTw£gX[^dTwPjy �MTWijX[na` ��� �tTWRµ~gXg`¡^dPr^acg`CZW\hnaij`
`+y[`+nai_�tZwPjRaR¬Phk«Vt\hijy[`q^dTwp p�cm\hnaih`h� � RUTWygihZW` egTW`qp+`¨Phk«Vt\_^a^a`+n�pG\hyt^dcg`qna`qk�Phna`-Vt\h�_`-\¡c�X[ij`-~gT¦±²`qna`qygp+`_�
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�MTwijXgna`>��� �U�QO�na\�©U`+px^dPjnUTW`+RMPhkg^�u¯P'VtPjy[PjezPhZW`+R®u Tw^acYRd\_Vt`�TwygTw^aT]\hZh��Twyg`+Vt\_^aTWp+RQ£gX[^(Z]\hnUij`¯O �:�5cgT¦^de|PjTWy�^
~gTwRaegZW\hp+`qVt`qy�^ P_k>� � �[� Â pqVb�

u cg`qysTw^%TWR0^dna\!¤h`+nURa`+~s£���^dc[`³Pjyg`b£gX[^rygPh^%^dcg`bPh^dcg`qnteg\hnU^aTWp+Zw`h�sO�cgTwRt`x±²`qpq^�TwRtVt\�´�TWVt\hZ ��u c[`+y
^dc[`'TWygT¦^dT]\_Zg^dnd\_ygRU¤h`+naRa\hZ«V%PjVt`qy�^dXgV TWR�\_y�^aT¦¼ em\hnd\_ZWZW`qZg^dPY^acg`'~gTWnU`+px^dTWPhyº��TwyKu cgTWp�cK^acg`'Vt\hijyg`x^dTWpµ}m`+Zw~
£|`+yg~gR�^acg`vem\hnU^aTWpqZW`h�MO�cg`'^dXgnUygTWygi¥e|PjTwy�^ P_kQ^acg`'^dna\�©U`+px^dPjno�Ku Tw^ac*nU`+RUez`qpq^ ^dP¥^dc[`'£z`+\hV�\�´�TWR�TwRE^dc[`+y
~gT¦±²`qna`+y�^µ\hy[~¢^acg`°^�u¯P%pqPjV%em\hna`q~�em\hno^dTWpqZW`qRE^dna\!¤h`+Z«Twy�Pjege|PjRaT¦^d`°~gTwna`qpq^dTwPjyº�(O�c[`'`q±z`+pq^µTwR�TWZwZWXgRo^dnd\�^d`+~
TWy��MTWijX[na` ��� ����u cg`qna`°^acg`¨^and\hp��%Phk«^�u¯P¥TW~g`qy�^aTWp+\hZWZ¦�¥ij`+y[`+nd\�^d`+~¢V%PjygPje|PjZw`+R+��u cgTwp�c¢\hna`¨~gTWRUegZ]\_p+`+~r£��
� � ��� Â p+V u cg`+y¥cgT¦^a^aTWygi ^dcg`EO�TWV%`x¼�P_k]¼7�MZwTWijc�^«~g`x^d`qpq^dPhn+��\hnU`�Rac[P�u y¥TwyY\¨^�u¯P_¼ ~gTWV%`+ygRUTWPjyg\hZ�egnaP�©U`qpq^aTWPjyº�
O�cg`*`+yg`qnaih�SPhk¨^dcg`¢^�u¯P­em\hno^dTwp+ZW`qR0TWR0RacgP!u y@TWy �MTWijX[na` ����� Â �@O�cg`bVt\hijy[`q^dTwp¢p�cm\hnaih`*^and\hp��_`+~·Twy
^dc[`tRo^�\hyg~�¼À\hZwPjyg`0egnaPhijnd\hV `¾´�ez`qnaTW`qygp+`qRY\*Z]\hnUij`0ZWPjRUR¡P_k�`+yg`qnaih��u c[`+y­^and\G¤j`qnaRaTwygi³^acg` So¸ � �µ��£gnaTw~
`+Zw`+px^dnaPhygTWpqR�\_^���� � � 3 Â " � �4O�c[`°VtPhygPje|PjZW` V%TWRaRU`+RE^acgTWR¯em\hno^�Phk«^acg`v½ �:�­~g`x^d`qpq^dPhnEu cg`+yK^and\hp��_`+~
u Tw^ac �v�4�°� O'� S ^dRv^dXgnUygTWygi¢e|PjTWy�^vTwRv\_^l\*ZW\hnaij`qn°nd\_~gTWXgR¡\hy[~f^acg`0RU^�\_yg~�¼À\_ZWPjyg`0em\_nU^dTwp+Zw`C^dna\!¤h`+ZwRlTwy
Pjege|PjRUTw^d`b~gTWnU`+px^dTWPhys\_k�^d`qnr^dX[naygTwygig��egTwp���Twygi�XgesV%PjnU`5`+yg`qnaih�Su Tw^acsTw^aRrZWPhygijTw^aXg~gTwym\hZ�V%PjVt`qy�^dXgV
em\hna\hZWZw`+Z|^dP¥^dcg`vVt\hijyg`x^dTwp-k�Pjnapq`h�
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�MTwijXgna` ����� Â � � y[`+nai_�³Phk�^dcg`¡^�uEP�V%PjygPhezPjZw`+R Rac[P�u y³TWy ��TWijXgnU` ��� ���µO�c[`YZ]\hnUij`v`+yg`qnaih�*ZwPjRaR¨Phk(^dc[`
em\hno^dTwp+ZW`¯^dnd\_p��h`+~0u Tw^ac¥^dcg`�Ro^�\hyg~�¼À\hZwPjyg`�egnUPjijnd\_V Twy0^acg`�So¸ �*c���£gnUTW~%ZW`+\h~gR(^dP°^acg` Z]\hnUij`�~gTwRapqna`+eg\hygpq�
\_^¬^dcg`¨O �:�­cgTw^aezPhTWy�^G��O�cg`-ZW\hnaij`µ`+y[`+nai_�rZwPjRaR¯\_^0�W; � � Â pqV TwR¯~[Xg`-^dP¡^dcg`¨PjX[^a`+n�½ �°OspqPjy�^�\hTwygVt`qy�^
Vt\h~g`'PhkM\hZWX[VtTwy�X[Vb��u cgTWp�c*TWR�y[Ph^ �j`q^µTwVtegZw`+V%`+y�^d`q~¢TWyK^dc[` �v�4�°� O ½ �:��~g`q^a`+pq^aPjn ~g`+RUp+nUTWe[^aTWPjyº�
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O�cg`¬O�TWV%`x¼ Phk]¼7�MZwTWijc�^!� � � ��~[`q^d`qpq^aPjn�TwR«Ra`qygRaT¦^dTw¤h`¬^aPµ^acg`�cgTWihcgZw�-TWPjygTw¹+Twygi�RaTwijym\_^aXgna`�Phk�Vr\_ijyg`q^aTWp4p�cm\_naij`_�
� VtPjy[PjezPhZW`4^dnUTWijij`qn«u TWZWZ�£|`ETwVte[ZW`+V%`+y�^a`+~l\_^$�«`x¤j`+Z ¼ �¬^dnaTwijij`qnaTWy[iµPhyCZ]\_naij`¬egXgZwRa`+Rq� �MTwijXgnU` Á �<�¯RacgP!u R
^dc[`�RU^anaXgpx^dXgnU`�Phkm^dcg`EO�TWV%`x¼�P_k]¼7�MZwTWijc�^®RU��Ro^d`+V*� S�y¥PjnU~g`+n�^dP°Xgy[~g`+nURU^�\_yg~¥^dcg`E^anaTwijij`+nq�_^acg`�O �:�5RaTwijym\hZ
em\_^ac³\_yg~¢na`G\_~�¼�PjX�^ `+ZW`qpq^anaPjygTwp+Rµ\hnU`¡£[naTW` ;g�K~[`+RapqnaTw£z`q~®� �G�h���

�¢�! I¢)qHtF5A-��� Al1(3
� \hp�c*Rap+Twy�^dTWZwZ]\_^aPjnETwR�na`+\h~bPhX[^µ\_^µ£zP_^dc¢`+yg~[R¨£��¢\¥egcgP_^dPjVYX[Zw^dTwegZWTw`+n�^dXg£|` � R �bO �¾�

� egcgP_^dPjVYX[Zw^dTwegZWTw`+n(^aXg£z`¨TWRE\Y~g`q¤�TWpq`-u cgTwp�c�p+Pjy�¤j`qnU^aR�ZWTWihc�^¯TWy�^aP¥\CV%`G\hRUXgnd\h£[ZW`-`qZW`qpq^dnUTWp¨p+XgnUna`+y�^+�
S ^(pqPjygRUTWRU^aRMPhkm\-pG\_^acgP�~g`EVt\h~g`¬Phkmegc[Ph^dPjRU`+ygRUTw^aTw¤j`¯Vr\�^d`+nUT]\hZjk�PhZWZWP!u¯`+~l£��l\-~���y[P�~g`¯RU^anaTWy[i°\hyg~l}mym\hZwZw�
\hyl\hygP�~g`h� � ylTWygpqTW~g`qy�^�e[cgPh^dPhylp+\hXgRa`qR�^acg`¯p+\_^dc[P�~g`4^aP¨`qVtT¦^Q\hyl`qZW`qpq^dnUPjyv^dcgnUPjXgijcv^dcg`¬egcgP_^dP�`+ZW`qpq^anaTWp
`q±z`+px^G�KO�c[`tcgTwijc{¤jPjZ¦^�\hij`%\he[egZWTw`+~�^dP¢^dcg`0^dX[£z`0~gTwna`+px^dRv^dcg`%`+Zw`+px^dnaPhyf^aP*^acg`%}gnaRU^l~[��ygP�~g`h�Qu cg`+nU`
Ra`qp+Pjy[~m\hnU�Y`+ZW`qpq^anaPjygR(\hna`�e[naP�~gXgp+`q~0XgezPhy%Ro^dnUTW��TWygi[��O�cg`�`qZW`qpq^dnUPjygR�\hnU`Ek�Xgno^dcg`qn4\hp+pq`+Zw`+nd\�^d`+~¥^acgnaPjX[ijc
^dc[`Yu cgPjZW`¥Ro^dnUTWygi�Phk¬~[��ygP�~g`qR+�®Xgy�^dTwZM^dcg`Y^ac�XgRvp+na`+\_^d`q~{pG\hRUpG\h~g`0TwR-}mym\hZwZw�bp+PjZwZW`qpq^d`q~�£��5^dcg`0\_ygP�~[`
^dP0ijT¦¤j`¡\¥p+XgnUna`qy�^+�

O�cg`�egcgP_^dPjVYX[Zw^dTwegZWTw`+nUR%X[Ra`+~su T¦^dc·^dc[`�O�TWV%`x¼�P_k]¼7�MZwTWijc�^¥Ro��Ro^d`qV \hna`³ygTWyg`x^d`q`+y�¼ RU^�\_ij`5}myg`qVt`qRac
^dX[£z`qR+�Mu cgTwp�c�egnUP�¤�Tw~g`tRUX[¿%p+Tw`+y�^Yi�\_TWy�^aPb£|`rPhez`qnd\_^a`+~­Twy�^acg` �h� � O�Vr\hihyg`q^aTWp¥}m`+Zw~­PhkE^dcg`r½ �:�
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Muon Transition Card

MIP Multiplicity Output
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�MTWijX[na` Á ����� �°naij\hygTW¹+\_^dTwPjy�PhkQ^dcg`vO�TwVt`¾¼�Phk]¼ �MZWTwijc�^¯nU`G\h~�¼�PjX[^ `qZW`qpq^dnUPjygTwp+R
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^dna\hp���TWygi¢Ro��Ro^d`qVb�0O�cg`0RaTwijym\hZMVt`+\hRaXgnU`+~fTWR°k�PjnUVt`q~�£���^dcg`¥~gT¦±²`qna`qygp+`0£|`q^�u¯`+`+y�^dcg`0egXgZwRa`¥Pjy{^dc[`
\hygP�~g`³\hyg~�^acg`³ZW\hRU^r~[��ygP�~[`³Phk'^acg`³egc[Ph^dPh^aXg£|`h� O�c[TWRr`qygRaX[na`+R¢\�RaX[¿%p+Tw`+y�^dZ¦��ZW\hnaih`bRUTWijym\_Z¨\_yg~
na`q~gXgpq`+R'RaTwijym\hZQygPjTwRa`¡^dcgnUPjXgijc5pqPjV%VtPjybVtP�~g`¡na`�©U`+pq^aTWPjy²���mPjn-`+\hp�c R �bO'�z^acg`YegX[ZWRa`C\hnanUTw¤_\hZ«^dTwVt`
\hyg~�p�cg\hnaij`Y\hna`lVt`+\hRaXgnU`+~º�'O�c[` R �bO'§ Rv\_na`CpqPjygyg`qpq^a`+~{^dPr^acg` 6���,/0 ,/0 4 +@; + 
/5�; �z\Kp+X[RU^dPhV�~g`qRaTwijy
p+TwnapqXgZ]\hn egnUTWy�^d`q~5p+TwnapqXgTw^¨£zPj\hna~*u cgTWp�c5pqPjygyg`qpq^aR-u Tw^ac³^dcg`legna`+\hV%egZWT¦}m`+nq��O�cg`YegcgP_^dPh^aXg£z`¡RaTwijym\hZ®TwR
PjyS\G¤j`qnd\hij`�nU`+~gX[p+`+~S£���\³k \hpx^dPjn¥Phk � ÂhÂ TWy�\hV%egZWT¦^dXg~[`t£���^acg` �j� � O?Vt\hijy[`q^dTwpt}m`qZW~º��¸�TWy[p+`K^dc[`
R �bO RaTWihym\hZEcg\hR0\5cgTWihc�RaPjX[nap+`¢TwVte|`+~m\_ygp+`�\_yg~�TWR¥\_RU��VtV%`q^anaTwpG\hZ ��^dc[`�egna`+\hVte[ZWTw}g`+nCnU`+~gnUTw¤h`+R¥Tw^
\hpqnaPjRUR � � V Phk4^�u TWRo^d`+~{em\_TWn-p+\h£gZw`Y\hR'\K~[Tw±z`+na`qy�^dT]\_Z�RUTWijym\_ZQu T¦^dc5ZwP�u RUPjXgnapq`¥TWV%ez`q~m\hygpq`CRUXgTw^d\h£gZW`
k�PjnE^and\hy[RaV%TWRaRUTWPjyK^aPY^dcg`v\_ym\hZWPhi_¼ ^aP_¼�~gTwijTw^d\hZgpqPjy�¤j`+nURaTwPjybp+\hna~[R+��O�cg`vRapqTWy�^dTwZWZ]\�^dPjn¬£m\hnUR \hna`'PjnUi�\hygTw¹+`q~
TWy�^anaTWe[ZW`q^aR+�m\_yg~b`+\hp�cb^acgna`q`x¼ em\hp���TWR�^a`+nUVtTwym\_^d`q~�u Tw^dc*\hy*P!¤_\hZ *-,/.�. ;-*@0 ,/8�+@, 
>8 < ^dcm\�^¨pqPjygyg`qpq^aR¨^dc[`
cgTwijc�¼ ¤hPjZw^d\hij`µRaXge[egZw�tk�PjnE^dc[` R �*O'§ Rq�g^dcg`'ZwP�u�¼�¤jPjZ¦^�\hih`µk�Pjn¯^dcg`'egnU`G\hV%egZwTw}m`qnaR�\_yg~K^dcg`°^�u TwRU^a`+~�¼ em\hTWn
RaTwijym\hZ²pG\h£gZw`h�

O�cg`¥na`+\h~gPjX�^°Phk�cgT¦^¨^aTWV%`C\_yg~5p�cm\hnUij`YPhk4^acg`Yegc[Ph^dPh^aXg£|`CRaTwijym\hZQTWR¨ez`qnUk�PjnUVt`q~³XgRUTWygi � � � � �
V%P�~gX[ZW`+Rq�|u c[TWp�c�\hnU`CXgRU`+~{\hy[~5~g`+RUTWijy[`+~5^dPtVt`+\hRaX[na`l^acg`0½ �:�SpG\hZwPjnaTwVt`x^d`+n RUTWijym\_Z�� O�PrXgRa`C^acg`+RU`
£|P�\hna~[RCk�Pjnl^acg`KO�TwVt`¾¼�Phk]¼ �MZWTwijc�^'RU��RU^a`+V*�¬\h~g~gT¦^dTWPhym\hZ4`+Zw`+px^dnaPhygTWpqR¥\hna`tna`q��X[TWna`q~�u cgTWp�c�\_na`KZwP�p+\_^d`q~
Pjy¢^dcg`¡O � � � S � ^dna\hygRUTw^dTwPjy¢£zPj\hna~gR¨\hyg~*egnUP�pq`+RaRµ^dcg`vRUTWijym\_ZWR £z`xk�Pjna`'^acg` � � � � ��� � � PhkM^acg` �hÂ
p�cm\hy[yg`+ZwRt\G¤_\hTwZ]\h£gZw`tPhy�^acg` � � � � � \hna`�X[Ra`+~�^dP{~gTwijTw^aTW¹q`rO �:� RaTWihym\hZWRq�(^dcm\�^0TWR0�³^dTwVt`K\hyg~S�
p�cm\hnUij`¥V%`G\hRUXgna`qVt`qy�^aR'ez`qn'£zPj\hna~º�¡O�cg`¥p�cm\_naij`¥V%`G\hRUXgna`qVt`qy�^vTWR°e|`+nok�PjnaV%`+~�£��5~g\hXgijc�^d`qn¡½ � � �
pG\_na~gRq��u cgTwp�c�\hna`0ygPhnaVt\hZWZ¦�5TWy[RU^�\_ZWZW`q~{Pjy­\_y � � � � � £zP�\_na~{^dP³~[`G\hZ4u Tw^acf^acg`%pG\hZwPjnaTwVt`x^d`+n'RUTWi_¼
ym\hZ �KO�cg`tO�TWV%`x¼�P_k]¼7�MZwTWijc�^°~[`q^d`qpq^aPjnCTwRl\_Ra�h`q~�^dP*~g`+ZwTw¤h`+nl\*^dTwVtTwygi�egnU`+p+TwRaTwPjy­Phk � �*e[R+��u c[TWp�c�p+\hy
ygPh^%£|`¢egnaP!¤�TW~g`q~@X[RaTWy[i{^acg`b½ � � � £|P�\hnU~�u Tw^dc�T¦^dR � Â ¼ £gTw^ � �v½-�4O�cg`+nU`qk�PjnU`h�E\fyg`xu £|P�\hnU~@cm\_R
£|`+`+y�~[`+RaTwijyg`q~º�4p+Pjy�^d\hTWygTwygib\ � � ¼ £gTw^ � �v½-�®u cgTWp�c�Vt\_^ap�cg`+RC^acg`re[na`+pqTWRUTWPjy�y[`+`+~[RCk�Pjnl^acg`r^aTWV%TWygi
V%`G\hRUXgna`qVt`qy�^+�¯¸�TWygpq`'^dcg`v£|P�\hna~¢TwR�RaTWV%egZw`+n�Twy*T¦^dR�~g`qRaTwijyº�gT¦^ TWR�na`xk�`+nU`+~¢^dPt\hR�^dcg`v~g`G½ � �SpG\hnU~º�
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O�cg`{egcgP_^dPh^aXg£z`�RUTWijyg\hZ¨k�nUPjV ^acg` � � V ^�u TwRU^d`q~�¼�eg\hTWnKRUTWijyg\hZ°pG\_£gZW`5TwR�na`qp+`+T¦¤j`q~ \hy[~ \�k�^d`+n�RUPjV%`
RaTwijym\hZ¯Racm\_egTWygi�TwR¥RaegZwTw^C£z`x^�uE`q`+y·\5~[TWRapqnaTwVtTwym\_^dPhnC\hy[~@\5pqTWnUp+XgT¦^¥XgRa`q~S^aP�Vt`+\hRaX[na`�p�cm\hnUij`h�­O�cg`
~gTwRap+nUTWV%TWym\�^dPjn�PjX[^de[X[^Ee[naP�~gXgp+`qRE\vRU^d\hnU^¬RUTWijym\_Zgk�Pjn4^dTWV%TWy[ig�j\hy[~K\vp+PjV%VtPhy%Ro^dPje%RaTwijym\hZmTwR4egnaP!¤�TW~[`+~
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£��2\�Rae|`+p+TW\hZ'O �:��p+ZWP�p���k \hy[PjX[^¢RU��Ro^d`+V k�Pjn�`x¤j`qnU�¶`q¤h`+y�^G�?O�cg`fPjX[^de[X[^*Phkl^acg`{~gTWRUp+nUTWV%TWym\_^aPjn
\hZwRaPKij`qyg`+na\_^d`qR'\ri�\�^d`l^acm\_^'nU`+Ro^dnaTwpq^aR-^dcg`CTWy�^d`qijnd\_^aTWPjy*Phk4^acg`YegXgZwRa`_�«\hZWZwP!u TWygi%PjygZ¦�*^acg`Ce[XgZWRU`C^dcm\�^
}mnU`+~�^acg`0~gTWRUp+nUTWV%TWym\_^aPjn¨^aPb£|`0TWy�^d`qijnd\�^d`+~²�tO�cgTwRvegna`x¤j`+y�^aRCRaX[£gRa`q��X[`+y�^¥cgT¦^dR'k�naPjV�Ph^dcg`qnvem\hnU^aTWpqZW`+R
£|`+TWy[iYTWygpqZWXg~[`+~KTwyr^dcg`-p�cm\hnaih`°`+Ro^dTWVt\_^a`h�(O�cg`qna`xk�Pjna`_�g`G\hp�c¢RUp+TWy�^aTWZWZW\_^dPhn4£m\hn�TwRERa`qygRaT¦^dT¦¤j`°Pjy[Zw�0^dP¥Pjy[`
em\hno^dTwp+ZW`¡e|`+n-£[Xgygp�c�p+nUPjRaRUTWygi[�-O�cg`C^aTWV%`lTwR¨V%`G\_RaXgnU`+~�£��5\0^dTwVt`¾¼ ^dP�¼À\hV%egZWT¦^dXg~[`°p+Pjy�¤h`+nU^a`+n ��O � ½7�¾�
^dcg\_^ egnaP�~gXgpq`+R¨\Y¤jPjZ¦^�\hij`'e[naPje|PjnU^aTWPjyg\hZz^aP0^acg`v^dTWV%`°£|`q^�u¯`+`qy³RU^d\hnU^¨\hy[~bRo^dPje*egXgZwRa`+Rq�
S�y�PjnU~g`+n¡^dP5\_p�cgTW`x¤j`r^acg`r~g`qRaTwna`+~�^dTWV%`0na`qRaPjZwX[^dTwPjyº�®^dcg`tp�cm\hnaih`KPhk�`+\hp�c�egXgZwRa`tTWR¡Vt`+\hRaXgnU`+~­^aP

\hpqp+PjXgy�^'k�Pjn 0 1 
 ;�� 
S��� *-,/8 8:;-*@0 1 ,/.�5 �C¸�TWy[p+`C^acg`¥~gTWRUp+nUTWV%TWym\_^aPjn ^dcgnU`+Rac[PjZW~�TwR°Ra`x^¡^aP�RaPjV%`YpqPjygRU^d\hy�^
¤_\hZWX[`h�¯^acg`b^aTWV%`�Vt`+\hRaX[na`+V%`+y�^%u TWZwZ�~g`+e|`+yg~�Pjy@^acg`³\_VtegZwTw^aXg~g`�Phk¨^dcg`begXgZWRU`b~[Xg`*^aP­T¦^dR0Racm\_ez`_�
�MTwijXgna` Á � � TwZWZWX[RU^dna\_^d`qR«^dcg`¯egnaPj£[ZW`+V £��lRacgP!u Twygi¨^�u¯P'egXgZwRa`+R�Phkg^�u¯P°~gT¦±²`qna`+y�^(\hVte[ZWTw^aXg~g`qR+� � Zw^acgPjXgihc
£|Ph^dc%em\hno^dTWpqZW`qR4na`+RUezPhygRaTw£gZW`�k�Pjn4^dc[`+Ra`µegXgZwRa`qR¯nU`G\hp�c%^dcg` O�TWV%`x¼ Phk]¼7��ZWTWihc�^�~g`x^d`+px^dPjn¯\_^�^dc[`µRa\hV%` ^aTWV%`h�
^dc[`³egXgZwRa`¢u Tw^ac@^dc[`³cgTwijcg`+nt\hV%egZWT¦^dXg~[`Ku TWZWZ�^anaTwijij`+n¥^acg`³~gTwRapqnaTWV%TWyg\_^dPjnC`G\hnUZWTW`qn+�sO�cg`*^dTwVt`�uE\hZW�
p+Phnana`qpq^aTWPjy�\_ZWijPjnUTw^acgV�Vr\_�h`+REXgRa`'Phk«^acg`'p�cm\hnUij`°V%`G\hRUXgna`qVt`qy�^�^dP¥pqPjVte[X[^d`'\lp+PjnUna`+px^dTwPjy�� ( � � Ph^a`
^dcg\_^-T¦k(^dc[`C~g`qRap+nUTW£|`+~5`x±²`qpq^¨uEPjX[ZW~5ygP_^°\hnUTWRU`h�|Tw^µuEPjX[ZW~³y[Ph^-£|`Cy[`+p+`qRaRa\hnU�bk�Pjnµ^acg`CO�TwVt`¾¼�Phk]¼ �MZWTwijc�^
~g`x^d`+px^dPjn«^aP�ez`qnUk�PjnUV:\�p�cm\hnUij`�Vt`+\hRaX[na`+V%`+y�^Q\hy[~v^acg`4V%PjygPje|PjZW`Q^dnUTWijij`qn²pqPjXgZW~vygP_^«£z`4TwVte[ZW`+V%`+y�^a`+~º�
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O�cg` �µTWijc[Zw� S�PjygTw¹+Twygi�R�\hnU^aTWp+Zw` � �0S7R �¨OQnaTwijij`+nG� �_Â ��na`+��XgTwna`qR°p+PjTwygp+Tw~g`+y�^-RaTWihym\hZWR k�naPhV £|Ph^ac5`+yg~[R°Phk
Pjyg`rRap+Twy�^dTWZwZ]\_^aPjn¡£m\hnC^aP5em\hRURY^dcg`�cg`+\G¤���TWPjygTw¹+Twygi*^acgna`qRacgPhZW~º�4u cgTwp�cSTwRCTwyg~gTw¤�Tw~gXm\hZwZw�{Ra`x^Yk�PjnY`+\hp�c
p�cm\hy[yg`+Z �(O�cg`µ~gTWijT¦^dTw¹+`+~l^dTWV%` \hyg~0p�cm\_naij` V%`G\hRUXgna`qVt`qy�^aRE\_na`�egX[^¬Twy0^acg` �«`q¤j`qZ¦¼ �µe[TWe|`+ZWTwyg`�\hy[~tRU`+y�^
^dc[naPjXgihcb^dc[`legnUPjijna\hVtVt\h£gZw` � � � � � �°TwZWTWy�´�p�cgTweº���MTwijXgna` Á � ;t~[`+egTwpq^dR ^dc[`lRo^dnd\�^d`+i_�¢Phk(^dc[`lp�cgTwe
ZWPhijTWpvk�Pjn-^�u¯P³\_~�©a\hp+`qy�^vRap+Twy�^dTWZwZ]\_^aPjn £m\hnUR+�¡O�cg`¥^dTWV%`CV%`G\_RaXgnU`+V%`+y�^vTWR°y[Ph^'p+PhygRaTw~g`+nU`+~{Ph^dc[`+n°^dcg\hy
cm\G¤�TWygi¢^dP¢£|`tTwy�^dcg`0`q¤h`+y�^dRl^dTWV%`Yi�\�^d`h�%O�cg`%p�cm\hnUij`tV%`G\_RaXgnU`+V%`+y�^¡cm\hRv^dP¢em\hRURC\¢~gTWRUp+nUTWV%TWym\_^aPjn
u cgTwp�c%TwR(Ra`x^�^dP°^dc[`�cgTWijc[Zw�lTWPjygTw¹+Twygi¨^acgna`qRacgPjZw~0Phkª^dcg`�nU`+Rae|`+px^dT¦¤j` p�cm\hygy[`+Z��	�¶Tw^dc[PjX[^4RUTWijygT¦}mpG\_y�^(ZWPjRUR
TWy¡`q¿%pqTW`+y[pq�vPjnQTWygpqna`+\hRa`�TWy¡nd\�^d`h��^�u¯P°\h~�©a\_p+`+y�^�p�cm\hygy[`+ZWRM\hna`²©UPjTwyg`+~¡£��¡\µZwPjijTwpG\hZ��:=v�!O�cg`¬egnaP�~gXgpq`+~
�0S7R £gT¦^¡TWRvRa`qyg~�PjX[^v^dP*^dcg`tO�TWV%`x¼ Phk]¼7�MZwTWijc�^µ^dnUTWijij`qnv£zP�\_na~º�QO �°O = S &-�QO�cg`%^dnaTwijij`qn¡~[`+p+TwRaTwPjyfk�Phn
`G\_p�c�em\hTWn�Phkº£m\hnaR¯TWR¯Vr\h~[`¨£��0^dcg`-O �'O = S &�£m\_Ra`+~�Phyt^dc[`-na`qRae|`+px^dTw¤h` �0S7R�£gT¦^dR�k�naPjV�^dc[`-`G\_RU^�\_yg~
u¯`+RU^¨RaTw~g`'PhkQ^dcg`v~g`x^d`qpq^dPhn+�mp+Phygyg`+px^d`q~b^dc[naPjXgihc³\¥ZWPhijTWp+\hZ �-� � ^dP%\hRURaXgnU`¡pqPjTWy[p+TW~[`+ygpq`h� � ezPjRUTw^aTw¤j`
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�MTwijXgna` Á � � �'O�u¯P³e[XgZWRU`+RvPhkE^�u¯P*em\hnU^aTWpqZW`+Rv\_nanaT¦¤�TWygi¢\_^'^acg`0O�TWV%`x¼ Phk]¼7�MZwTWijc�^¨~g`q^a`+px^dPjnl\_^'^dc[`%Ra\hV%`
^dTwVt`_�YO�cg`%~gTw±z`+nU`+y�^¡egXgZwRa`0cg`+Twijc�^vZW`+\h~gR'^dP¢~gT¦±²`qna`+y�^v^dTwVt`CVt`+\hRaXgnU`+V%`+y�^dRq�Qu c[TWp�c�\hna`%\hpqp+PjXgy�^a`+~
k�Pjnv£���^dTwVt`¾¼ uE\hZW�*p+PjnUna`qpq^dTwPjygRq�tO�cg`qRa`tVr\h�_`0XgRa`%PhkE^acg`0TWy�^d`qijnd\�^d`+~fp�cm\hnUij`%Vt`+\hRaXgnU`+V%`+y�^G�tO�cg`q�
\hnU`K`+RURa`+y�^aT]\hZ�RUTWygpq`K^dcg`r^���egTwpG\hZEnaTWRU`r^dTwVt`tPhk¨\5RaTwijym\hZ¯egXgZWRU`�TWRYRU`q¤h`+nd\_Z �L�j�4u cg`+nU`G\hR¥^dc[`K~g`+RUTWnU`+~
na`qRaPjZwX[^dTwPjy�PhkQ^dcg`'^aTWV%`'Vt`+\hRaXgnU`+V%`+y�^µTWR \h£|PjX[^ � �¥e[R+�

^dnUTWijih`+n�~g`qp+TwRaTWPhy*nU`+��XgTwna`+R(©UXgRo^¨Phyg` �0S7R�cgT¦^�TWy�^acg`'u cgPjZW`vRo��Ro^d`qVb�
� ~g~[Tw^dTwPjym\hZwZw�h�g\¥VYXgZ¦^dTWe[ZWTWpqTw^��0^dnUTWijih`+n�TWR�TwVte[ZW`+V%`+y�^a`+~*\hR em\hno^¨P_kM^dc[`¡O �:��^dnUTWijij`qn�na`q��X[TWnaTwygi%\

V%TWygTwVYXgV y�XgVY£|`+n�PhkzRU^�\_yg~m\hnU~tV%TWygTwVYXgV TWPjy[TW¹+Twygi°cgT¦^dR � � S7R �x�ju cgTwp�c%u TwZWZgygP_^�£z` ~gTwRap+X[RaRa`q~rcg`qna`_�
�¶Tw^acgTWy·^acg`{P�¤h`+na\hZWZv½ �:��^anaTwijij`+nUTWygi­Rap�cg`qVt`_�-^dcgTwRK^dnUTWijij`qnKTWR�~[`+RaTwijyg`q~¶^aP�p+Pjy�^dnUTW£gX�^d`5u Tw^ac

\h£|PjX[^¡Pjyg`%e|`+napq`+y�^¡^dP¢^dcg`%P!¤j`+na\hZWZ4na\_^d`_�rOQP³pqPjy�^dnaPhZ(^dcg`%nd\_^a`+Rq��^dc[na`+RUcgPjZw~gRC\_na`¥^dXgyg\h£gZW`¥^acgnaPjX[ijc
^dc[`'egnaPjihnd\hV%Vr\_£gZW` �°TwZWTWy�´rp�c[TWe¢Pjy�^dcg` � � � � ��� �bPjnU`+P!¤j`qn+�mcgT¦^dR�p+\hy¢£z`'pqPjnanU`+Z]\�^d`+~K^aP¥^dnd\_p���R Twy
^dc[` ���MO £��K^acg`vO �°O = S &2£zP�\_na~�^dP0RaTwijygT¦}mpG\hy�^aZw�tna`+~[Xgp+`¡ygPjTwRa`h�

� �



DeCaf

Cafe

DeCaf

Cafe

HIP bit

HIP bit

HIP bit

threshold

E
ast

W
est

and

�MTwijXgna` Á � ;U�®O�nUTWijih`+nQRU^dna\_^d`qih�¡k�Pjn�^acg` �µTWijcgZ¦� S�PjygTw¹+TWy[i R�\hnU^aTWp+Zw`¯^anaTWihij`+nq�QO�c[`�p�cm\hnUij`�V%`G\hRUXgna`qVt`qy�^aR
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O�cg`¡TWV%egZW`qVt`qy�^�\_^aTWPjytPhkMVt\hijy[`q^dTwp'p�cm\hnUij`vTWy �¡�4�-� O:\_yg~*^acg`+nU`+£��¢TWy�^acg`l½ �:�SRUPhk�^�u�\_na`'k�nd\hV%`x¼
u¯Pjna��P_±²`qnaR0\³¤_\hnaTw`q^��­PhkµezPjRURaTw£gTWZwTw^dTw`+Rv^dP�Ro^dXg~[�­^dcg`�~g`x^d`qpq^dPhn%nU`+RUezPjy[Ra`¢PhkµVr\_ijyg`q^aTWptVtPjy[PjezPhZW`+R
TWy­½ �:�E�®O�cg`tyg`qu Z¦�{TWygRo^�\hZwZW`+~fO�TWV%`x¼ Phk]¼7��ZWTWihc�^¨~g`x^d`+px^dPjnlcm\hRl£z`q`+y­e[naP!¤j`qy�^dP³£|`t\bRaX[Tw^�\_£gZW`¥^dP�PjZ
^dP¢^dnUTWijih`+n'Pjy{^dcg`0cgTwijcgZ¦�5TWPhygTW¹qTWygi�RUTWijym\�^dXgnU`%P_kEVt\hijyg`x^dTwp¥p�cm\hnaih`tp+\hyg~gTw~m\_^d`qR+�+S ^CTwR'ygPh^¡pG\_em\h£gZw`
Phk°\fV%PjygPje|PjZw`�~gTWRUp+P!¤j`qnU�j��RUTWygpq`�^dcg`*cgTWihcgZw��TwPjygTw¹+TWy[i�RaTWihym\_^dX[na`¢TWR0TWy[RaX[¿%p+Tw`+y�^G� � RUTWygihZW`�`q¤h`+y�^
~gTwRap+P!¤h`+nU��nU`+��XgTwna`+R¥^acg`¢na`+pqPjygRo^dnaX[pq^dTwPjySPhk¨^acg`¢VtPhygPje|PjZW`r^and\hp��­XgRaTwygi{Pjyg`¢Pjn¥V%Pjna`�RUXg£gRU��Ro^d`+V%R
egnUP�¤�Tw~g`+~S£���^dcg`¢TWy�^a`+ijna\_^d`q~�^and\hp���Twygi�Ro��RU^d`qV Phk'½ �:�¯�(Vr\_TWygZ¦��^acg`b½ �'O?~gnaT¦k�^0p�cm\hVY£|`+nq��O�cg`
pG\_em\h£gTwZWTw^��0P_k«ij`+y[`+nd\�^dTWy[iYVtPhygPje|PjZW` �bPjy�^d`'½�\hnaZwPlu Tw^acgTWyt^dcg`°½ �:�­RaPhk�^�uE\hnU`°k�nd\hV%`qu¯Pjna�¥u TwZWZªcg`+Zwe
~g`x¤j`+ZwPjegTwygilP��tTwyg` em\_^U^d`+nUyrnU`+p+PhijygTw^aTWPjy%\hZwijPjnUTw^dc[VtRQ^dP¡na`+pqPjygRo^dnaX[pq^E^acg`µXgygTW��Xg`µem\hna\h£|PjZWTwpE^dna\hp��ª�-S ^
u TWZwZ�k�Xgno^dcg`qnaV%Pjna`�`qym\h£gZw`�^dP'^dX[yg`�^dnUTWijij`qnM^dc[na`+RUcgPjZw~gR�Pjygp+`µ\'na`+\hZWTwRU^aTWpERUTWVYX[Z]\_^aTWPjylPhk²O�TwVt`¾¼�Phk]¼ �MZWTwijc�^
`+Zw`+px^dnaPhygTWpqR�TWR TWV%egZW`qVt`qy�^d`+~²�

O�cg`¡egnaP�©U`qpq^a`+~5V%PjygPje|PjZw`°Vr\_RaR ZWTwVtT¦^dR¯k�Phn ^acg`vXge|p+PjV%TWygit½ �:��~m\_^d\¥^d\h��TWygi%e|`+naTwP�~²� � � Â � `��
k�Pjn = Xgy S@SÀ\¢\hyg~ � ÁhÂ � `
�?k�Pjn�=µXgy S@S�£²�«~g`+e|`+yg~fPjy�^dc[`0^acg`+Phna`q^aTWp+\hZ(V%P�~g`qZMPhk¯egnUP�~gX[pq^dTwPjyº�lO�cg`
�°na`qZWZ��¯\hy¥egnUP�~[Xgpq^aTWPjylVt`qp�cm\hygTwRaV egnaPje|PjRU`+~¥TWR�~g`+nUTw¤h`+~¥RaX[£gRU^aTw^dX�^dTWy[i°`+Zw`+pq^anaTwp¯£��YVt\hijy[`q^dTwp¯p�cg\hnaij`qR
TWy�^dcg`�egnUP�~[Xgpq^aTWPjy�pqnaPjRURo¼�RU`+px^dTWPhygR0\hR¥RaX[ijij`+Ro^d`q~S£���^dcg`�Ro��V%V%`q^dnUTW¹q`+~ �³\�´�u¯`+ZwZ�`+��Xm\_^aTWPjy[R+�fO�cg`
pG\_ZWp+X[Z]\_^aTWPjyYP_kz^acg`�Z]\_^U^d`qn+�jcgP!u¯`q¤h`+n+��na`qZWTW`qR4Pjy0ez`qnU^aXgna£m\�^dTWPhyY^dcg`qPjnU�Yu c[TWp�c%TWR(Pjy[Zw�C¤_\hZwTW~YTwy¥^dcg`�ZwTWV%Tw^
PhkµRaVt\hZwZ¬pqPjXgegZwTWygihR+� � `xu \_egegnaPj\hp�cg`+R¥£g\hRa`q~SPhy�\5ygPjy�¼ ez`qnU^dX[na£m\_^aTw¤h`K~gXm\hZ	� � � ^ana`G\�^dV%`+y�^0\hnU`
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