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The Monte Carlo RoadmapThe Monte Carlo Roadmap

�� 3DUW����,QWURGXFWLRQ3DUW����,QWURGXFWLRQ

�� /+&�UHODWHG�XVH�FDVHV�/+&�UHODWHG�XVH�FDVHV��� /&*�/&*�

�� $QDO\]LQJ�VKRZHUV�DQG�WKHLU�GHYHORSPHQW�LQ�PDWWHU�$QDO\]LQJ�VKRZHUV�DQG�WKHLU�GHYHORSPHQW�LQ�PDWWHU�

�� %ULHI�RYHUYLHZ�RI�%ULHI�RYHUYLHZ�RI�KDGURQLF�KDGURQLF�PRGHOV�LQ�JHDQW�PRGHOV�LQ�JHDQW�

�� 3DUW����3DUW����+DGURQLF+DGURQLF VKRZHUV�LQ�EXON�PDWWHUVKRZHUV�LQ�EXON�PDWWHU��

�� 6HOHFWHG�WRSLFV�RQ�6HOHFWHG�WRSLFV�RQ�KDGURQLFKDGURQLF VKRZHU�VLPXODWLRQ�VKRZHU�VLPXODWLRQ�
�� 7KHRU\�GULYHQ�PRGHOLQJ�RI�LQHODVWLF�UHDFWLRQV�7KHRU\�GULYHQ�PRGHOLQJ�RI�LQHODVWLF�UHDFWLRQV�

�� 3DUW����3DUW����JKDGJKDG ±± KRZ�JRRG�LV�LW�UHDOO\"KRZ�JRRG�LV�LW�UHDOO\"

�� 3DUW����0RGHOLQJ�HOHFWURPDJQHWLF�VKRZHUV�3DUW����0RGHOLQJ�HOHFWURPDJQHWLF�VKRZHUV�

�� ([DPSOHV�RI�HOHFWURPDJQHWLF�VKRZHUV�([DPSOHV�RI�HOHFWURPDJQHWLF�VKRZHUV�

�� 6HOHFWHG�WRSLFV�RQ�HOHFWURPDJQHWLF�VKRZHU�SK\VLFV�6HOHFWHG�WRSLFV�RQ�HOHFWURPDJQHWLF�VKRZHU�SK\VLFV�
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The cases considered for LHC (LCG)The cases considered for LHC (LCG)

�� 'HWHFWRU�GHVLJQ�DQG�SK\VLFV�VWXGLHV'HWHFWRU�GHVLJQ�DQG�SK\VLFV�VWXGLHV

�� &DORULPHWHU�WHVW&DORULPHWHU�WHVW��EHDP�EHDP�

�� 7UDFNHU�WHVW7UDFNHU�WHVW��EHDPEHDP

�� )XOO�GHWHFWRU�VLPXODWLRQ)XOO�GHWHFWRU�VLPXODWLRQ

�� +DGURQLF+DGURQLF LQWHUDFWLRQV�LQ�WUDFNHUVLQWHUDFWLRQV�LQ�WUDFNHUV

�� 1XFOHRQ�SHQHWUDWLRQ�1XFOHRQ�SHQHWUDWLRQ�
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The useThe use--casescases

�� 5DGLDWLRQ�VWXGLHV�5DGLDWLRQ�VWXGLHV�

�� 6KLHOG�RSWLPL]DWLRQ�6KLHOG�RSWLPL]DWLRQ�

�� 1HXWURQ�1HXWURQ�IOXHQFHVIOXHQFHV

�� 'HHS�SHQHWUDWLRQ'HHS�SHQHWUDWLRQ

�� %DFN%DFN��VSODVKVSODVK

�� 5DGLDWLRQ�GDPDJH5DGLDWLRQ�GDPDJH

�� (WF��(WF��
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The basic question: The basic question: 
How to simulate a Calorimeter ?How to simulate a Calorimeter ?

�� :KDW�PDNHV�VLJQDO":KDW�PDNHV�VLJQDO"

�� :KDW�UHDFWV":KDW�UHDFWV"

�� :KDW�GHILQHV�WKH�VKRZHU�WRSRORJLHV":KDW�GHILQHV�WKH�VKRZHU�WRSRORJLHV"

�� :KDW�SURFHVVHV�DUH�KDSSHQLQJ":KDW�SURFHVVHV�DUH�KDSSHQLQJ"

�� :KDW�GHILQHV�WKH�:KDW�GHILQHV�WKH�HP�HP�FRQWHQWV�RI�D�FRQWHQWV�RI�D�KDGURQLFKDGURQLF
VKRZHU"VKRZHU"

�� :KDW�LV�LQYLVLEOH�HQHUJ\":KDW�LV�LQYLVLEOH�HQHUJ\"

�� +RZ�GLIIHUHQW�DUH�GLIIHUHQW�FDORULPHWHUV"+RZ�GLIIHUHQW�DUH�GLIIHUHQW�FDORULPHWHUV"

�� +RZ�DERXW�FRPELQHG�+RZ�DERXW�FRPELQHG�FDORULPHWU\FDORULPHWU\""

�� (WF��(WF��
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Analyzing showersAnalyzing showers
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20 20 GeVGeV gammas in copper (right, charged gammas in copper (right, charged 
particles only, left complete)particles only, left complete)
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Modeling electromagnetic showersModeling electromagnetic showers
�� 3K\VLFV�SURFHVVHV�LQYROYHG�3K\VLFV�SURFHVVHV�LQYROYHG�

�� 3KRWR�HIIHFW3KRWR�HIIHFW

�� &RPSWRQ�VFDWWHULQJ&RPSWRQ�VFDWWHULQJ

�� 3DLU�SURGXFWLRQ3DLU�SURGXFWLRQ

�� ,RQL]DWLRQ,RQL]DWLRQ

�� 0XOWLSOH�FRXORPE�VFDWWHULQJ0XOWLSOH�FRXORPE�VFDWWHULQJ

�� %UHPVVWUDKOXQJ%UHPVVWUDKOXQJ

�� $QQLKLODWLRQ$QQLKLODWLRQ

�� )RU�PRUH�GHWDLO��SOHDVH�VHH�WKH�FRPSOHWH�OHFWXUH�)RU�PRUH�GHWDLO��SOHDVH�VHH�WKH�FRPSOHWH�OHFWXUH�
QRWHV�E\�0LFKHO�QRWHV�E\�0LFKHO�0DLUH�0DLUH��/$33��RQ�WKH�JHDQW��:::��/$33��RQ�WKH�JHDQW��:::�
VLWH��RU�WKH�JHDQW��SK\VLFV�UHIHUHQFH�PDQXDO�VLWH��RU�WKH�JHDQW��SK\VLFV�UHIHUHQFH�PDQXDO�
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A bracket on electromagnetic shower A bracket on electromagnetic shower 
physics in geant4physics in geant4

�� ,Q�JHDQW���IRU�+(3�DSSOLFDWLRQV��LW�LV�VLPXODWHG�,Q�JHDQW���IRU�+(3�DSSOLFDWLRQV��LW�LV�VLPXODWHG�
XVLQJ�WKH�µVWDQGDUG¶�HOHFWURPDJQHWLF�SK\VLFV�XVLQJ�WKH�µVWDQGDUG¶�HOHFWURPDJQHWLF�SK\VLFV�
SDFNDJH�SDFNDJH�

�� $OO�FKDUJHG�SDUWLFOHV�$OO�FKDUJHG�SDUWLFOHV�
�� ,RQL]DWLRQ��LQFOXGLQJ�GHOWD�UD\V�,RQL]DWLRQ��LQFOXGLQJ�GHOWD�UD\V�

�� 0XOWLSOH�FRXORPE�VFDWWHULQJ0XOWLSOH�FRXORPE�VFDWWHULQJ

�� (OHFWURQV�DQG�SRVLWURQV(OHFWURQV�DQG�SRVLWURQV
�� %UHPVVWUDKOXQJ�%UHPVVWUDKOXQJ�

�� $QQLKLODWLRQ��H��$QQLKLODWLRQ��H��

�� *DPPDV*DPPDV
�� 3KRWR�HIIHFW3KRWR�HIIHFW

�� VFDWWHULQJ��LQFRKHUHQW�DQG�FRKHUHQW��,�H��&RPSWRQ�DQG�VFDWWHULQJ��LQFRKHUHQW�DQG�FRKHUHQW��,�H��&RPSWRQ�DQG�
5H\OHLJK5H\OHLJK��

�� &RQYHUVLRQ&RQYHUVLRQ
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It also containsIt also contains
�� 0XRQV0XRQV

�� %UHPVVWUDKOXQJ�%UHPVVWUDKOXQJ�

�� 'LUHFW�SDLU�SURGXFWLRQ��IRU'LUHFW�SDLU�SURGXFWLRQ��IRU PXRQVPXRQV��

�� 0XRQ0XRQ��QXFOHDU�QXFOHDU�OHSWRQLF�OHSWRQLF�YHUWH[YHUWH[

�� $OO�FKDUJHG�SDUWLFOHV�$OO�FKDUJHG�SDUWLFOHV�
�� &HUHQNRY&HUHQNRY HIIHFWHIIHFW

�� 6FLQWLOODWLRQ6FLQWLOODWLRQ

�� 7UDQVLWLRQ�UDGLDWLRQ7UDQVLWLRQ�UDGLDWLRQ

�� 2SWLFDO�SKRWRQV2SWLFDO�SKRWRQV
�� 5HIOHFWLRQ�DQG�UHIUDFWLRQ5HIOHFWLRQ�DQG�UHIUDFWLRQ

�� $EVRUSWLRQ$EVRUSWLRQ

�� 5H\OHLJK�5H\OHLJK�VFDWWHULQJVFDWWHULQJ
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Assumptions:Assumptions:

�� 5HOHYDQW�SDUWLFOH�HQHUJLHV�!��5HOHYDQW�SDUWLFOH�HQHUJLHV�!�� NH9NH9

�� 6FDWWHULQJ�RI�D�SDUWLFOH�LQ�D�PDWHULDO�LV�6FDWWHULQJ�RI�D�SDUWLFOH�LQ�D�PDWHULDO�LV�
RII�TXDVLRII�TXDVL��IUHH�HOHFWURQV��H[FHSW�IRU�IUHH�HOHFWURQV��H[FHSW�IRU�
SKRWR�HIIHFW��SKRWR�HIIHFW��

�� 'RSSOHU�EURDGHQLQJ��GXH�WR�ERXQG�'RSSOHU�EURDGHQLQJ��GXH�WR�ERXQG�
HOHFWURQ�YHORFLWLHV��FDQ�EH�QHJOHFWHG�HOHFWURQ�YHORFLWLHV��FDQ�EH�QHJOHFWHG�

�� 7KH�PDWHULDO�LV�KRPRJHQHRXV�DQG�7KH�PDWHULDO�LV�KRPRJHQHRXV�DQG�
DPRUSKRXV�DPRUSKRXV�



J.P. Wellisch, 
CERN/PH



J.P. Wellisch, 
CERN/PH



J.P. Wellisch, 
CERN/PH

2 2 TeVTeV pipi-- in copperin copper
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5 5 GeVGeV pipi-- in copperin copper
Pi-+PÆpi0+n

Pi-+PÆpi0+n

Pi-Æabsorption

Pi-+nÆ∆�������Æpi-+n

Pi-+pÆ∆�������Æpi-+p
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5 5 GeVGeV pipi-- in copper (only charged hadrons shown)in copper (only charged hadrons shown)
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5 5 GeVGeV pipi-- in copper (all charged particles)in copper (all charged particles)
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20 20 GeVGeV pipi-- in copperin copper
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20 20 GeVGeV pipi-- in copper (only charged hadrons shown)in copper (only charged hadrons shown)
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20 20 GeVGeV pipi-- in copperin copper
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20 GeV pi- in Copper
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20 GeV pi- in Copper
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200 200 GeVGeV pipi-- in copperin copper
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200 200 GeVGeV pipi-- in copperin copper
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200 200 GeVGeV pipi-- in copperin copper
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150 GeV pi- in Copper
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150 GeV pi- in Copper
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Conclusions:Conclusions:

�� (QHUJHWLF�SDUWLFOHV�DUH�FORVH�WR�WKH�RULJLQDO�(QHUJHWLF�SDUWLFOHV�DUH�FORVH�WR�WKH�RULJLQDO�

SDUWLFOH�D[LV��SDUWLFOH�D[LV��

�� 7KH\�GHILQH�WKH�VKRZHU�FRUH��DQG�WKH�LQLWLDO�7KH\�GHILQH�WKH�VKRZHU�FRUH��DQG�WKH�LQLWLDO�

UHDFWLRQ�QHHGV�PXFK�DWWHQWLRQ�LQ�WKH�PRGHOLQJ��UHDFWLRQ�QHHGV�PXFK�DWWHQWLRQ�LQ�WKH�PRGHOLQJ��

�� 7KLV�DOVR�FRQWDLQV�PRVW�RI�WKH�HOHFWURPDJQHWLF�7KLV�DOVR�FRQWDLQV�PRVW�RI�WKH�HOHFWURPDJQHWLF�

IUDFWLRQ�RI�WKH�VKRZHU�IUDFWLRQ�RI�WKH�VKRZHU�

�� 7KH\�GHILQH�WKH�ORQJLWXGLQDO�VKRZHU�VKDSH��ZLWK�7KH\�GHILQH�WKH�ORQJLWXGLQDO�VKRZHU�VKDSH��ZLWK�

PXOWLSOH�LQWHUDFWLRQV�RI�OHDGLQJ�SDUWLFOHV��+HQFH�PXOWLSOH�LQWHUDFWLRQV�RI�OHDGLQJ�SDUWLFOHV��+HQFH�

OHDGLQJ�SDUWLFOH�HIIHFWV�DUH�RI�PXFK�LQWHUHVW�OHDGLQJ�SDUWLFOH�HIIHFWV�DUH�RI�PXFK�LQWHUHVW�
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Conclusions continuedConclusions continued

�� 7KH�HQHUJ\�JRLQJ�WRZDUGV�VHFRQGDU\�7KH�HQHUJ\�JRLQJ�WRZDUGV�VHFRQGDU\�
SURWRQ�UHDFWLRQV�LV�YHU\�VPDOO�LQSURWRQ�UHDFWLRQV�LV�YHU\�VPDOO�LQ
KDGURQLFKDGURQLF VKRZHUVVKRZHUV
�� 5HDFWLRQ�UDWHV�VKRXOG�EH�PRGHOHG�FRUUHFWO\5HDFWLRQ�UDWHV�VKRXOG�EH�PRGHOHG�FRUUHFWO\

�� )LQDO�VWDWHV�GR�QRW�QHHG�GHWDLOHG�PRGHOLQJ�)LQDO�VWDWHV�GR�QRW�QHHG�GHWDLOHG�PRGHOLQJ�
�XQOHVV�ZH�KDYH�ORZ�HQHUJ\�SURWRQV�DV��XQOHVV�ZH�KDYH�ORZ�HQHUJ\�SURWRQV�DV�
SULPDULHV��SULPDULHV��

�� ,Q�VDPSOLQJ�,Q�VDPSOLQJ�FDORULPHWU\FDORULPHWU\��PRVW�VHFRQGDU\���PRVW�VHFRQGDU\�
SURWRQV�ZLOO�QRW�UHDFK�WKH�DFWLYH�PHGLXP�SURWRQV�ZLOO�QRW�UHDFK�WKH�DFWLYH�PHGLXP�
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Conclusions continuedConclusions continued

�� 1HXWURQV�1HXWURQV�

�� 7KHUH�LV�D�ODUJH�QXPEHU�RI�WKHP��DQG�WKH\�LQGXFH�PDQ\�7KHUH�LV�D�ODUJH�QXPEHU�RI�WKHP��DQG�WKH\�LQGXFH�PDQ\�
UHDFWLRQV�UHDFWLRQV�

�� 7KH\�VSHQG�D�VLJQLILFDQW�VKDUH�RI�WKH�LQYLVLEOH�HQHUJ\�7KH\�VSHQG�D�VLJQLILFDQW�VKDUH�RI�WKH�LQYLVLEOH�HQHUJ\�

�� 2���0H9����*H9�
�2������ �������2���0H9����*H9�
�2������ �������

�� 2���0H9�����*H9�
�2������ ���2���0H9�����*H9�
�2������ ���

�� 5HDFWLRQV�FURVV5HDFWLRQV�FURVV��VHFWLRQV�DQG�SURGXFHG�PXOWLSOLFLWLHV�QHHG�WR�EH�VHFWLRQV�DQG�SURGXFHG�PXOWLSOLFLWLHV�QHHG�WR�EH�
SUHFLVH�SUHFLVH�

�� 7KH\�FDUU\�PRVW�RI�WKH�ORQJ�UDQJH�WUDQVYHUVH�PRPHQWXP��DQG�7KH\�FDUU\�PRVW�RI�WKH�ORQJ�UDQJH�WUDQVYHUVH�PRPHQWXP��DQG�
KHQFH�WKHLU�UHDFWLRQV�DUH�H[SHFWHG�WR�FRQWULEXWH�VLJQLILFDQWO\�WKHQFH�WKHLU�UHDFWLRQV�DUH�H[SHFWHG�WR�FRQWULEXWH�VLJQLILFDQWO\�WR�R�
WKH�WUDQVYHUVH�VKRZHU�VKDSH�WKH�WUDQVYHUVH�VKRZHU�VKDSH�

�� $V�WKHUH�DUH�PDQ\�QHXWURQ�UHDFWLRQV�LQ�HDFK�VKRZHU��WKH�ILQDO�$V�WKHUH�DUH�PDQ\�QHXWURQ�UHDFWLRQV�LQ�HDFK�VKRZHU��WKH�ILQDO�
VWDWHV�QHHG�UHDVRQDEOH�DYHUDJH�GHVFULSWLRQ��VWDWHV�QHHG�UHDVRQDEOH�DYHUDJH�GHVFULSWLRQ��
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Conclusions continuedConclusions continued

�� 2WKHU�SDUWLFOHV�2WKHU�SDUWLFOHV�
�� 3L��FDUU\�D�VXEVWDQWLDO�IUDFWLRQ�RI�WKH�HQHUJ\�RI�D�3L��FDUU\�D�VXEVWDQWLDO�IUDFWLRQ�RI�WKH�HQHUJ\�RI�D�
KDGURQLF�KDGURQLF�VKRZHU��VKRZHU��

�� 7KH\�DUH�FUHDWHG�FORVH�WR�WKH�VKRZHU�FRUH�7KH\�DUH�FUHDWHG�FORVH�WR�WKH�VKRZHU�FRUH�

�� 7KH\�GHFD\�LPPHGLDWHO\��DQG�JHQHUDWH�PXFK�RI�WKH�7KH\�GHFD\�LPPHGLDWHO\��DQG�JHQHUDWH�PXFK�RI�WKH�
HOHFWURPDJQHWLF�FRQWHQWV�RI�D�HOHFWURPDJQHWLF�FRQWHQWV�RI�D�KDGURQLF�KDGURQLF�VKRZHU�VKRZHU�

�� :H�QHHG�WR�PRGHO�WKHLU�SURGXFWLRQ��LQFOXGLQJ�LWV�:H�QHHG�WR�PRGHO�WKHLU�SURGXFWLRQ��LQFOXGLQJ�LWV�
IOXFWXDWLRQV��DQG�WKH�VXEIOXFWXDWLRQV��DQG�WKH�VXE��VHTXHQW�HOHFWURPDJQHWLF�VHTXHQW�HOHFWURPDJQHWLF�
VKRZHUV�LQ�JUHDW�GHWDLO�VKRZHUV�LQ�JUHDW�GHWDLO�

�� 2WKHU�SDUWLFOHV�KDYH�SHULSKHUDO�LPSRUWDQFH�DV�2WKHU�SDUWLFOHV�KDYH�SHULSKHUDO�LPSRUWDQFH�DV�
VKRZHU�SDUWLFOHV�VKRZHU�SDUWLFOHV�
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On On hadronichadronic shower physicsshower physics
�� ,Q�JHDQW��LW�LV�VLPXODWHG�XVLQJ�WKH�FRPSRQHQWV�,Q�JHDQW��LW�LV�VLPXODWHG�XVLQJ�WKH�FRPSRQHQWV�
IURP�WKH�IURP�WKH�KDGURQLFKDGURQLF SK\VLFV�FDWHJRU\�SK\VLFV�FDWHJRU\�

�� ,QHODVWLF�UHDFWLRQV,QHODVWLF�UHDFWLRQV

�� &RKHUHQW�HODVWLF�VFDWWHULQJ&RKHUHQW�HODVWLF�VFDWWHULQJ

�� &DSWXUH�RI�QHXWUDO�KDGURQV&DSWXUH�RI�QHXWUDO�KDGURQV

�� )LVVLRQ)LVVLRQ

�� $EVRUSWLRQ�RI�SDUWLFOHV�DW�UHVW�$EVRUSWLRQ�RI�SDUWLFOHV�DW�UHVW�(π(π−−,, ..����S��S��EDU��EDU��µµ−−��
�� 7KH�JRDO�LV�WR�GHVFULEH�ERWK�WKH�LQWHUDFWLRQ�7KH�JRDO�LV�WR�GHVFULEH�ERWK�WKH�LQWHUDFWLRQ�
FURVVFURVV��VHFWLRQV��DQG�H[FOXVLYH�ILQDO�VWDWHV�LQ�WKHLU�VHFWLRQV��DQG�H[FOXVLYH�ILQDO�VWDWHV�LQ�WKHLU�
QDWXUDO�SUREDELOLW\�RI�RFFXUUHQFH�QDWXUDO�SUREDELOLW\�RI�RFFXUUHQFH�
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Three categories of modeling Three categories of modeling 
approaches are realized in geant4approaches are realized in geant4

�� 'DWD�GULYHQ�PRGHOLQJ'DWD�GULYHQ�PRGHOLQJ
�� )RU�VRPH�VLWXDWLRQV��WKHUH�DUH�HQRXJK�GDGD�RU�)RU�VRPH�VLWXDWLRQV��WKHUH�DUH�HQRXJK�GDGD�RU�
HYDOXDWHG�GDWD�DYDLODEOH�WR�FUHDWH�D�FRPSOHWH�HYDOXDWHG�GDWD�DYDLODEOH�WR�FUHDWH�D�FRPSOHWH�
GHVFULSWLRQ�RI�FURVVGHVFULSWLRQ�RI�FURVV��VHFWLRQV�DQG�RU�H[FOXVLYH�ILQDO�VHFWLRQV�DQG�RU�H[FOXVLYH�ILQDO�
VWDWHVVWDWHV

�� 3DUDPHWHUL]DWLRQ�GULYHQ�PRGHOLQJ3DUDPHWHUL]DWLRQ�GULYHQ�PRGHOLQJ
�� ,Q�VRPH�FDVHV�LW�LV�DGYDQWDJHRXV�WR�SDUDPHWHUL]H�,Q�VRPH�FDVHV�LW�LV�DGYDQWDJHRXV�WR�SDUDPHWHUL]H�
SDUW�RI�D�UHVSRQVH�IXQFWLRQ��OLNH�WKH�LQHODVWLFLW\�RI�SDUW�RI�D�UHVSRQVH�IXQFWLRQ��OLNH�WKH�LQHODVWLFLW\�RI�
D�LQHODVWLF�UHDFWLRQ�D�LQHODVWLF�UHDFWLRQ�

�� 7KHRU\�GULYHQ�PRGHOLQJ7KHRU\�GULYHQ�PRGHOLQJ
�� 0LFURVFRSLF�PRGHOLQJ�DW�YDULRXV�OHYHOV�RI�GHWDLO�0LFURVFRSLF�PRGHOLQJ�DW�YDULRXV�OHYHOV�RI�GHWDLO�
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Examples of data driven modeling in Examples of data driven modeling in 
geant4: geant4: 

�� 5DGLRDFWLYH�GHFD\��SKRWRQ�HYDSRUDWLRQ��LQWHUQDO�5DGLRDFWLYH�GHFD\��SKRWRQ�HYDSRUDWLRQ��LQWHUQDO�

FRQYHUVLRQ��FRQYHUVLRQ��(16')�(16')���HODVWLF�VFDWWHULQJ��6$,'����HWF����HODVWLF�VFDWWHULQJ��6$,'����HWF��

�� /RZ�HQHUJ\�QHXWURQ�/RZ�HQHUJ\�QHXWURQ�
�� %DVHG�RQ�HYDOXDWHG�GDWD��*�1'/��GHULYHG�IURP�(1')��-HI��-(1'/��%DVHG�RQ�HYDOXDWHG�GDWD��*�1'/��GHULYHG�IURP�(1')��-HI��-(1'/��

&(1'/��(16')�&(1'/��(16')� %URQG%URQG��,5')��)(1'/��0(1'/������,5')��)(1'/��0(1'/����

�� 6DPSOLQJ�FRGHV�IRU�(1')6DPSOLQJ�FRGHV�IRU�(1')��%�9,�GHULYHG�GDWD�IRUPDWV%�9,�GHULYHG�GDWD�IRUPDWV

�� 8VH�WKH�ILOH8VH�WKH�ILOH��V\VWHP�WR�HQVXUH�JUDQXODU�DQG�WUDQVSDUHQW�V\VWHP�WR�HQVXUH�JUDQXODU�DQG�WUDQVSDUHQW�

DFFHVV�XVDJH�RI�GDWD�VHWVDFFHVV�XVDJH�RI�GDWD�VHWV

�� 'RSSOHU�EURDGHQLQJ�QRW�VWDWLF�RQ�LQSXW�GDWD��EXW�RQ�WKH�IO\�IURP'RSSOHU�EURDGHQLQJ�QRW�VWDWLF�RQ�LQSXW�GDWD��EXW�RQ�WKH�IO\�IURP

�.�GDWD��.�GDWD�
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Parameterization driven models in Parameterization driven models in 
geant4geant4

�� 7RWDO�FURVV7RWDO�FURVV��VHFWLRQV�VHFWLRQV�

�� )LQDO�VWDWH�JHQHUDWRUV�)LQDO�VWDWH�JHQHUDWRUV��� WZR�GRPDLQV�WZR�GRPDLQV�
�� KLJK�HQHUJ\�LQHODVWLF��KLJK�HQHUJ\�LQHODVWLF��$DFKHQ$DFKHQ��&06���&06�

�� ORZ�HQHUJ\�LQHODVWLF��HODVWLF��ILVVLRQ��FDSWXUH��75,80)��8%&��&(ORZ�HQHUJ\�LQHODVWLF��HODVWLF��ILVVLRQ��FDSWXUH��75,80)��8%&��&(51�51�

�� 3DUWLDO�0$56�UHZULWH��.\RWR��LQ�FROODERUDWLRQ�ZLWK3DUWLDO�0$56�UHZULWH��.\RWR��LQ�FROODERUDWLRQ�ZLWK 89LF89LF��DQG�)1$/���DQG�)1$/�

�� 6WRSSLQJ�SDUWLFOHV6WRSSLQJ�SDUWLFOHV
�� EDVH�OLQH��75,80)��&+$26�EDVH�OLQH��75,80)��&+$26�

�� SLSL�� �,1)1��&(51��75,80)���,1)1��&(51��75,80)��

�� ..�� �&U\VWDO�%DUUHO��75,80)��&U\VWDO�%DUUHO��75,80)�

�� DQWLDQWL��SURWRQV��-/$%��&(51�SURWRQV��-/$%��&(51�

�� (OHFWURPDJQHWLF�WUDQVLWLRQV�RI�WKH�H[RWLF�DWRP�SULRU�WR�FDSWXUH�(OHFWURPDJQHWLF�WUDQVLWLRQV�RI�WKH�H[RWLF�DWRP�SULRU�WR�FDSWXUH�
HIIHFWV�RI�DWRPLF�ELQGLQJ���1RYRVLELUVN��(6$�HIIHFWV�RI�DWRPLF�ELQGLQJ���1RYRVLELUVN��(6$�
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�� 8OWUD8OWUD��KLJK�HQHUJ\�PRGHOVKLJK�HQHUJ\�PRGHOV

�� 3DUWRQ�WUDQVSRUW�PRGHO��LQ�GLVFXVVLRQ�3DUWRQ�WUDQVSRUW�PRGHO��LQ�GLVFXVVLRQ�

�� +LJK�HQHUJ\�PRGHOV+LJK�HQHUJ\�PRGHOV
�� µµ)ULWMRI¶)ULWMRI¶ W\SH�VWULQJ�PRGHO��&(51�W\SH�VWULQJ�PRGHO��&(51�

�� 4XDUN�JOXRQ�6WULQJ��&(51�4XDUN�JOXRQ�6WULQJ��&(51�

�� 3\WKLD3\WKLD����LQWHUIDFH��/XQG��&(51�����LQWHUIDFH��/XQG��&(51�

�� ,QWUD,QWUD��QXFOHDU�WUDQVSRUW�PRGHOV��RU�UHSODFHPHQWV�QXFOHDU�WUDQVSRUW�PRGHOV��RU�UHSODFHPHQWV�
�� %HUWLQL%HUWLQL FDVFDGH��+,3��&(51�FDVFDGH��+,3��&(51�

�� %LQDU\�FDVFDGHV��&(51��8�)UDQNIXUW�%LQDU\�FDVFDGHV��&(51��8�)UDQNIXUW�

�� 40'��&(51��,QVW�7K�3K\V��)UDQNIXUW�40'��&(51��,QVW�7K�3K\V��)UDQNIXUW�

�� &KLUDO�&KLUDO�LQYDULDQW�SKDVHLQYDULDQW�SKDVH��VSDFH�GHFD\��-/$%��&(51��,7(3�VSDFH�GHFD\��-/$%��&(51��,7(3�

�� 'H'H��H[FLWDWLRQH[FLWDWLRQ
�� ([FLWRQ([FLWRQ SUHHTXLOLEULXPSUHHTXLOLEULXP PRGHO��PRGHO��

�� (YDSRUDWLRQ��ILVVLRQ��PXOWL(YDSRUDWLRQ��ILVVLRQ��PXOWL��IUDJPHQWDWLRQ�IUDJPHQWDWLRQ� IHUPLIHUPL��EUHDNEUHDN��XS�XS�
�9DOHQFLD��9DOHQFLD�
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�� 7KHRU\�GULYHQ�PRGHOLQJ�RI�7KHRU\�GULYHQ�PRGHOLQJ�RI�KDGURQLF�KDGURQLF�

LQWHUDFWLRQV�LQWHUDFWLRQV�
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