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ProgramProgram

�� +RZ�WR�XVH�*+$'"+RZ�WR�XVH�*+$'"

�� ,PSOLFDWLRQV�IRU�GHWHFWRU�FRQVWUXFWLRQ�,PSOLFDWLRQV�IRU�GHWHFWRU�FRQVWUXFWLRQ�

�� $�ORRN�LQVLGH��$�ORRN�LQVLGH��KDGURQLFKDGURQLF��SURFHVVHV��RU���SURFHVVHV��RU�

KRZ�WR�WDLORU�KRZ�WR�WDLORU�

�� :KDW�PRGHOV�DQG�RSWLRQV�DUH�DYDLODEOH":KDW�PRGHOV�DQG�RSWLRQV�DUH�DYDLODEOH"

�� +RZ�JRRG�LV�LW�UHDOO\"+RZ�JRRG�LV�LW�UHDOO\"

�� :KHUH�WR�ILQG�PRUH�LQIRUPDWLRQ�:KHUH�WR�ILQG�PRUH�LQIRUPDWLRQ�
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Physics lists Physics lists –– defining the physicsdefining the physics

�� *+$'�SK\VLFV��DV�DOO�RWKHU�SK\VLFV��LV�XVHG�*+$'�SK\VLFV��DV�DOO�RWKHU�SK\VLFV��LV�XVHG�
WKURXJK�JHDQW�¶V�SK\VLFV�OLVWV�WKURXJK�JHDQW�¶V�SK\VLFV�OLVWV�

�� $�SK\VLFV�OLVWV�LV��XVHU��FRGH�VSHFLI\LQJ�WKH�$�SK\VLFV�OLVWV�LV��XVHU��FRGH�VSHFLI\LQJ�WKH�
FRPSOHWH�SK\VLFV�PRGHOLQJ�XVHG�LQ�\RXU�FRPSOHWH�SK\VLFV�PRGHOLQJ�XVHG�LQ�\RXU�
DSSOLFDWLRQ�DSSOLFDWLRQ�

�� 3DUWLFOH�W\SHV3DUWLFOH�W\SHV

�� 'HFD\V'HFD\V

�� (OHFWURPDJQHWLF�SK\VLFV(OHFWURPDJQHWLF�SK\VLFV

�� ������

�� +DGURQLF�+DGURQLF�SK\VLFVSK\VLFV

�� ,W�DVVRFLDWHV�SURFHVVHV�ZLWK�SDUWLFOHV�,W�DVVRFLDWHV�SURFHVVHV�ZLWK�SDUWLFOHV�
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The approach to physics listsThe approach to physics lists
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Geant4 physics lists versus geant3 Geant4 physics lists versus geant3 
packagespackages

�� ,Q�JHDQW���WKH�SK\VLFV�OLVWV�VHUYH�WKH�VDPH�,Q�JHDQW���WKH�SK\VLFV�OLVWV�VHUYH�WKH�VDPH�
SXUSRVH�DV�WKH�³SDFNDJHV´��*+(,6+$��)/8.$��SXUSRVH�DV�WKH�³SDFNDJHV´��*+(,6+$��)/8.$��
*&$/25��LQ�JHDQW��*&$/25��LQ�JHDQW��

�� &RQFHSWXDOO\��WKH�WZR�DUH�LGHQWLFDO�&RQFHSWXDOO\��WKH�WZR�DUH�LGHQWLFDO�
�� 7KH\�SURYLGH�WKH�SK\VLFV�DQG�LWV�PRGHOLQJ�WR�DQ�7KH\�SURYLGH�WKH�SK\VLFV�DQG�LWV�PRGHOLQJ�WR�DQ�
DSSOLFDWLRQ�DSSOLFDWLRQ�

�� (DFK�³SDFNDJH´�LV�EXLOW�RI�D�FRPSOHWH�DQG�(DFK�³SDFNDJH´�LV�EXLOW�RI�D�FRPSOHWH�DQG�
FRQVLVWHQW�VHW�RI�PRGHOVFRQVLVWHQW�VHW�RI�PRGHOV

�� (DUO\�LQ�JHDQW���WKH�LGHD�ZDV�WKDW�HDFK�XVHU�(DUO\�LQ�JHDQW���WKH�LGHD�ZDV�WKDW�HDFK�XVHU�
ZRXOG��KDYH�WR��EXLOG�µKLV¶�SDFNDJH�ZRXOG��KDYH�WR��EXLOG�µKLV¶�SDFNDJH�
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In the case if In the case if hadronichadronic physics, physics, 
the problem was complexity.the problem was complexity.

�� ,W�WDNHV���OHYHOV�RI�LPSOHPHQWDWLRQ�IUDPHZRUN�LQ�,W�WDNHV���OHYHOV�RI�LPSOHPHQWDWLRQ�IUDPHZRUN�LQ�

JHDQW��WR�LPSOHPHQW�JHDQW��WR�LPSOHPHQW�KDGURQLFVKDGURQLFV��

�� 7KHVH��DQG�WKH�PRGHOV�LPSOHPHQWLQJ�WKHP��DUH�XVHG�7KHVH��DQG�WKH�PRGHOV�LPSOHPHQWLQJ�WKHP��DUH�XVHG�

WR�DVVHPEOH�WKHWR�DVVHPEOH�WKH KDGURQLFKDGURQLF SK\VLFV�IRU�WKH�VLPXODWLRQ�SK\VLFV�IRU�WKH�VLPXODWLRQ�

HQJLQH�HQJLQH�

�� 7KH�QXPEHU�RI�RSWLRQV�LV�TXLWH�ODUJH�7KH�QXPEHU�RI�RSWLRQV�LV�TXLWH�ODUJH�

�� (DFK�FRPHV�ZLWK�WUDGH(DFK�FRPHV�ZLWK�WUDGH��RIIV�LQ�GHVFULSWLYH�SRZHU�DQG�RIIV�LQ�GHVFULSWLYH�SRZHU�DQG�

SHUIRUPDQFH�SHUIRUPDQFH�

�� 7KHUH�DUH����SDUWLFOH�VSHFLHV�WR�EH�WUDFNHG��WKDW�QHHG�7KHUH�DUH����SDUWLFOH�VSHFLHV�WR�EH�WUDFNHG��WKDW�QHHG�

FRPSOHWH�DQG�FRQVLVWHQW�SK\VLFV�FRPSOHWH�DQG�FRQVLVWHQW�SK\VLFV�
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fission
(no details)

elastic
 (no details)

neutron_hp

evaporation

Precompound

GEM channels

evaporation GNASHTransitions

precompound

Binary cascade

CHIPS QGSFragmentation

QGSModel

models

NeutronReaction neutron_hp

cross-sections

NeutronIso

isotope production

inelastic
 (with details)

capture
(no details)

particle
ex: neutron

Assume we want to study activation.
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Hence the educated guess physics Hence the educated guess physics 
lists/simulation engineslists/simulation engines

�� It simply became clear that writing a good physics list is It simply became clear that writing a good physics list is 
no trivial, in particular whenno trivial, in particular when hadronichadronic physics is physics is 
involved.involved.

�� It is nice to be able to exploit the full power in the It is nice to be able to exploit the full power in the 
flexibility and variety of flexibility and variety of hadronic hadronic physics modeling in physics modeling in 
geant4, but being forced to do so is not what we want.geant4, but being forced to do so is not what we want.

�� It is also nice to have the physics transparently in front It is also nice to have the physics transparently in front 
of you and be able to exploit it in the best possible way, of you and be able to exploit it in the best possible way, 
but being forced to understand it all is (very but being forced to understand it all is (very 
understandably) not what people want, either.understandably) not what people want, either.
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Because of thisBecause of this

�� We have systematically accumulated experience We have systematically accumulated experience 
with various combinations of crosswith various combinations of cross--section and section and 
models over the last years.models over the last years.

�� Today we provide a set of physics lists Today we provide a set of physics lists 
institutionalizing this knowledge.institutionalizing this knowledge.

�� Publishing them to the general audience was Publishing them to the general audience was 
one of the main milestones of the one of the main milestones of the hadronic hadronic 
working group for 2002.working group for 2002.
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Use case packages of Physics ListsUse case packages of Physics Lists

�� /&*�VLPXODWLRQ�SURMHFW�/&*�VLPXODWLRQ�SURMHFW�

�� +(3�FDORULPHWU\��+(3�FDORULPHWU\��

�� +(3�WUDFNHUV��+(3�WUDFNHUV��

�� 
$YHUDJH
�
$YHUDJH
�FROOLGHUFROOLGHU GHWHFWRU�GHWHFWRU�

�� /RZ�HQHUJ\�/RZ�HQHUJ\�GRVLPHWULFGRVLPHWULF
DSSOLFDWLRQVDSSOLFDWLRQV
ZLWK�QHXWURQV�ZLWK�QHXWURQV�

�� ORZ�HQHUJ\�QXFOHRQ�ORZ�HQHUJ\�QXFOHRQ�
SHQHWUDWLRQ�VKLHOGLQJ�SHQHWUDWLRQ�VKLHOGLQJ�

�� OLQHDU�OLQHDU�FROOLGHUFROOLGHU QHXWURQ�IOX[HVQHXWURQ�IOX[HV

�� KLJK�HQHUJ\�SHQHWUDWLRQ�KLJK�HQHUJ\�SHQHWUDWLRQ�
VKLHOGLQJVKLHOGLQJ

�� PHGLFDO�DQG�RWKHU�OLIHPHGLFDO�DQG�RWKHU�OLIH��VDYLQJ�VDYLQJ�
QHXWURQ�DSSOLFDWLRQVQHXWURQ�DSSOLFDWLRQV

�� ORZ�HQHUJ\�ORZ�HQHUJ\�GRVLPHWULFGRVLPHWULF

DSSOLFDWLRQV�DSSOLFDWLRQV�

�� KLJK�HQHUJ\�SURGXFWLRQ�WDUJHWVKLJK�HQHUJ\�SURGXFWLRQ�WDUJHWV

H�J�����*H9�SURWRQV�RQ�&�RU�%HH�J�����*H9�SURWRQV�RQ�&�RU�%H

�� PHGLXP�HQHUJ\�SURGXFWLRQ�PHGLXP�HQHUJ\�SURGXFWLRQ�

WDUJHWVWDUJHWV

H�J����H�J������������*H9*H9 S�RQ�OLJKW�WDUJHWVS�RQ�OLJKW�WDUJHWV

�� /+&�QHXWURQ�IOX[HV�/+&�QHXWURQ�IOX[HV�

�� $LU�VKRZHU�DSSOLFDWLRQV��VWLOO�$LU�VKRZHU�DSSOLFDWLRQV��VWLOO�

ZRUNLQJ�RQ�WKLV�ZRUNLQJ�RQ�WKLV�

�� ORZ�EDFNJURXQG�H[SHULPHQWVORZ�EDFNJURXQG�H[SHULPHQWV

��KWWS���KWWS���FPVGRFFPVGRF��FHUQFHUQ��FKFK�a�aKSZKSZ�*+$'��*+$'�+RPH3DJH+RPH3DJH
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To make tailoring easier, and the code To make tailoring easier, and the code 
more readable, we introduced Builders.more readable, we introduced Builders.
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�� <RX�FDQ�QRZ<RX�FDQ�QRZ
�� -XVW�SLFN�D�SK\VLFV�OLVW�IURP�WKH�µ-XVW�SLFN�D�SK\VLFV�OLVW�IURP�WKH�µPHQX¶��

�� $JJUHJDWH�\RXU�RZQ�FRFNWDLO�IURP�OLPLWHG�$JJUHJDWH�\RXU�RZQ�FRFNWDLO�IURP�OLPLWHG�
FRPSOH[LW\�RI�WKH�EXLOGHUVFRPSOH[LW\�RI�WKH�EXLOGHUV

�� 8VH�DOO���IUDPHZRUN�OHYHOV�ZLWK�WKHLU�IXOO�SRZHU�8VH�DOO���IUDPHZRUN�OHYHOV�ZLWK�WKHLU�IXOO�SRZHU�

ÎÎ$�VWUXFWXUHG�UHGXFWLRQ�LQ�WKH�OHYHO�RI�$�VWUXFWXUHG�UHGXFWLRQ�LQ�WKH�OHYHO�RI�
FRPSOH[LW\�H[SRVHG�WR�\RX�FRPSOH[LW\�H[SRVHG�WR�\RX�

Now, what does this mean ?Now, what does this mean ?
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The WWW pages The WWW pages –– a small demo.a small demo.

�� 7KHUH�LV�D�µSK\VLFV�OLVWV¶�WRSLF�RQ�WKH�JHDQW�7KHUH�LV�D�µSK\VLFV�OLVWV¶�WRSLF�RQ�WKH�JHDQW�

+\SHU1HZV+\SHU1HZV����

�� :H�JR�WR�:H�JR�WR�
�� KWWS���FPVGRF�FHUQ�FK�aKSZ�*+$'�KWWS���FPVGRF�FHUQ�FK�aKSZ�*+$'�+RPH3DJH+RPH3DJH
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The recommended procedure:The recommended procedure:

�� 6WDUW�E\�WU\LQJ�WKH�SURYLGHG�SK\VLFV�OLVWV�6WDUW�E\�WU\LQJ�WKH�SURYLGHG�SK\VLFV�OLVWV�
�� ,W�PDNHV�LW�VXFK�WKDW�UHVXOWV�E\�GLIIHUHQW�JURXSV�FDQ�EH�,W�PDNHV�LW�VXFK�WKDW�UHVXOWV�E\�GLIIHUHQW�JURXSV�FDQ�EH�
FRPSDUHG�FRPSDUHG�

�� <RX�ZLOO�SURILW�IURP�YDOLGDWLRQ�DQG�YHULILFDWLRQ�GRQH�E\�<RX�ZLOO�SURILW�IURP�YDOLGDWLRQ�DQG�YHULILFDWLRQ�GRQH�E\�
RWKHUV�RWKHUV�

�� 2I�FRXUVH�\RX�DUH�VWLOO�HQFRXUDJHG�WR�WDLORU�WKH�2I�FRXUVH�\RX�DUH�VWLOO�HQFRXUDJHG�WR�WDLORU�WKH�
SK\VLFV�OLVWV�WKDW�ZH�SURYLGH��DQG�RU�EXLOG�\RXU�RZQ�SK\VLFV�OLVWV�WKDW�ZH�SURYLGH��DQG�RU�EXLOG�\RXU�RZQ�
ZKHUH�\RX�QHHG�ZKHUH�\RX�QHHG�

�� 3OHDVH�DOVR�OHW�XV�NQRZ�DERXW�\RXU�ILQGLQJV�3OHDVH�DOVR�OHW�XV�NQRZ�DERXW�\RXU�ILQGLQJV�

�� 3ORWV�\RX�PD\�ZKLVK�WR�SURYLGH�FDQ�HQWHU�:::�IRU�3ORWV�\RX�PD\�ZKLVK�WR�SURYLGH�FDQ�HQWHU�:::�IRU�
HYHU\RQH¶V�EHQHILW�HYHU\RQH¶V�EHQHILW�

ÎÎ'R�QRW�XVH�H[DPSOHV�QRYLFH�1���DV�H[DPSOH�IRU�D'R�QRW�XVH�H[DPSOHV�QRYLFH�1���DV�H[DPSOH�IRU�D
KDGURQLFKDGURQLF SK\VLFV�OLVW�SK\VLFV�OLVW�
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The supportThe support
process process ––

static viewstatic view
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The support process The support process –– dynamic viewdynamic view
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6RPH�LPSOLFDWLRQV�IRU�6RPH�LPSOLFDWLRQV�IRU�

GHWHFWRU�FRQVWUXFWLRQGHWHFWRU�FRQVWUXFWLRQ
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On Material constructionOn Material construction

�� 7KHUH�DUH�WKUHH�ZD\V�WR�FRQVWUXFW�7KHUH�DUH�WKUHH�ZD\V�WR�FRQVWUXFW�

PDWHULDOV�LQ�JHDQW�PDWHULDOV�LQ�JHDQW�

�� )URP�LW¶V�LVRWRSLF�FRPSRVLWLRQ)URP�LW¶V�LVRWRSLF�FRPSRVLWLRQ

�� )URP�LW¶V�HOHPHQWV)URP�LW¶V�HOHPHQWV

�� $V�DQ�HIIHFWLYH�PDWHULDO��$V�DQ�HIIHFWLYH�PDWHULDO��$HII$HII�� =HII=HII��



J.P. Wellisch, 
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Effective materialsEffective materials

�� +DGURQLFV�+DGURQLFV�FURVVFURVV��VHFWLRQ�DUH�QRW�D�IXQFWLRQ�RI�VHFWLRQ�DUH�QRW�D�IXQFWLRQ�RI�
PDWHULDO�SURSHUWLHV��EXW�D�IXQFWLRQ�RI�QXFOHDU�PDWHULDO�SURSHUWLHV��EXW�D�IXQFWLRQ�RI�QXFOHDU�
SURSHUWLHV�SURSHUWLHV�

�� ,I�\RX�XVH�HIIHFWLYH�QXPEHUV��WKH�HOHPHQW�,I�\RX�XVH�HIIHFWLYH�QXPEHUV��WKH�HOHPHQW�
FRPSRVLWLRQ�FDQQRW�EH�DXWRPDWLFDOO\�UHFRYHUHG��FRPSRVLWLRQ�FDQQRW�EH�DXWRPDWLFDOO\�UHFRYHUHG��

�� 7KH�FURVV7KH�FURVV��VHFWLRQ�ZLOO�EH�µKLJKO\�VHFWLRQ�ZLOO�EH�µKLJKO\�DSSUR[LPDWLY¶DSSUR[LPDWLY¶ DW�DW�
EHVW�EHVW�

�� 7KH�ILQDO�VWDWHV�ZLOO�KDYH�ZURQJ�SURSHUWLHV�7KH�ILQDO�VWDWHV�ZLOO�KDYH�ZURQJ�SURSHUWLHV�

�� 1HYHU�XVH�HIIHFWLYH�$��=�ZLWK1HYHU�XVH�HIIHFWLYH�$��=�ZLWK KDGURQLFKDGURQLF SK\VLFVSK\VLFV
�7KHUH�DUH�VLWXDWLRQV��KHUH�\RX�ZLOO�QRW�EH�DEOH�WR��7KHUH�DUH�VLWXDWLRQV��KHUH�\RX�ZLOO�QRW�EH�DEOH�WR�
DYRLG�LW��VR�ZH�FDQQRW�SURWHFW�DJDLQVW�LW��DYRLG�LW��VR�ZH�FDQQRW�SURWHFW�DJDLQVW�LW��



J.P. Wellisch, 
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Proton induced reactionsProton induced reactions
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From elementary compositionFrom elementary composition

�� 7KLV�LV�JRRG�HQRXJK�IRU�PRVW�KLJK�7KLV�LV�JRRG�HQRXJK�IRU�PRVW�KLJK�

HQHUJ\�DSSOLFDWLRQV�HQHUJ\�DSSOLFDWLRQV�



J.P. Wellisch, 
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Proton induced reactionsProton induced reactions
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Isotope wise compositionIsotope wise composition

�� :KHQ�:KHQ�GHWDLOOHGGHWDLOOHG VLPXODWLRQ�RI�ORZ�HQHUJ\�VLPXODWLRQ�RI�ORZ�HQHUJ\�
QHXWURQV�LV�LPSRUWDQW��HOHPHQW�LQIR�LV�QRW�QHXWURQV�LV�LPSRUWDQW��HOHPHQW�LQIR�LV�QRW�
VXIILFLHQW��(���0H9��WR�JHW�WKH�FURVVVXIILFLHQW��(���0H9��WR�JHW�WKH�FURVV��VHFWLRQ�VHFWLRQ�
DQG�ILQDO�VWDWHV�ULJKW�DQG�ILQDO�VWDWHV�ULJKW�

�� )RU�GLIIHUHQW�LVRWRSHV��WKH�QHXWURQ�QXFOHDU�)RU�GLIIHUHQW�LVRWRSHV��WKH�QHXWURQ�QXFOHDU�
UHVRQDQFHV�UHVRQDQFHV�ZLOO�EH�DW�HQWLUHO\�GLIIHUHQW�SRVLWLRQVZLOO�EH�DW�HQWLUHO\�GLIIHUHQW�SRVLWLRQV

�� )RU�GLIIHUHQW�LVRWRSHV��WKH�ILQDO�VWDWH�FKDQQHOV�)RU�GLIIHUHQW�LVRWRSHV��WKH�ILQDO�VWDWH�FKDQQHOV�
RSHQ�FDQ�GLIIHU�GUDVWLFDOO\�RSHQ�FDQ�GLIIHU�GUDVWLFDOO\�

�� ÎÎ <RX�PD\�EH�WHPSWHG�WR�FRQVWUXFW�\RXU�<RX�PD\�EH�WHPSWHG�WR�FRQVWUXFW�\RXU�
PDWHULDOV�IURP�,VRWRSHV�LQ�WKLV�FDVHPDWHULDOV�IURP�,VRWRSHV�LQ�WKLV�FDVH
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Isotope wise compositionIsotope wise composition

�� ,Q�FDVH�WKH�QHXWURQBKS�PRGHOV�DUH�XVHG�,Q�FDVH�WKH�QHXWURQBKS�PRGHOV�DUH�XVHG�
�GHWDLOHG�QHXWURQ�WUDQVSRUW�EHORZ���0H9����GHWDLOHG�QHXWURQ�WUDQVSRUW�EHORZ���0H9���
JHDQW��UHFRYHUV�WKH�QDWXUDO�LVRWRSLF�JHDQW��UHFRYHUV�WKH�QDWXUDO�LVRWRSLF�
FRPSRVLWLRQ��LQ�FDVH�PDWHULDOV�DQG�PL[WXUHV�FRPSRVLWLRQ��LQ�FDVH�PDWHULDOV�DQG�PL[WXUHV�
DUH�VSHFLILHG�LQ�WHUPV�RI�WKHLU�FRQVWLWXWLQJ�DUH�VSHFLILHG�LQ�WHUPV�RI�WKHLU�FRQVWLWXWLQJ�
HOHPHQWV�HOHPHQWV�

�� ,I�\RX�KDYH�HQULFKHG�LVRWRSHV��OLNH�8UDQLXP,I�\RX�KDYH�HQULFKHG�LVRWRSHV��OLNH�8UDQLXP��
������SOHDVH�XVH�WKH�LVRWRSHV�GLUHFWO\��WR�������SOHDVH�XVH�WKH�LVRWRSHV�GLUHFWO\��WR�
VSHFLI\�\RXU�PDWHULDO�VSHFLI\�\RXU�PDWHULDO�

ÎÎ1RUPDOO\�\RX�GR�QRW�QHHG�WR�XVH�WKH�1RUPDOO\�\RX�GR�QRW�QHHG�WR�XVH�WKH�
*�,VRWRSH�LQ�\RXU�GHWHFWRU�FRQVWUXFWLRQ*�,VRWRSH�LQ�\RXU�GHWHFWRU�FRQVWUXFWLRQ



J.P. Wellisch, 
CERN/EP/SFT

Example: Neutrons in LithiumExample: Neutrons in Lithium

�� 1HXWURQ�LQHODVWLF�FURVV1HXWURQ�LQHODVWLF�FURVV��VHFWLRQ�DW����H9�VHFWLRQ�DW����H9�

�� /L/L������������������PLOOLEDUQVPLOOLEDUQV

�� /L/L����������EDUQV����������EDUQV��

�� 2SHQ�LQHODVWLF�FKDQQHOV�2SHQ�LQHODVWLF�FKDQQHOV�

�� /L/L�����QRQH���QRQH

�� /L/L��������Q/LQ/LÎÎWWαα
�ZKLFK�PDNHV�/L�ZKLFK�PDNHV�/L����D�ZHOO�NQRZQ�VKLHOGLQJ�LVRWRSH���D�ZHOO�NQRZQ�VKLHOGLQJ�LVRWRSH�



Part 3Part 3

$�ORRN�LQVLGH��$�ORRN�LQVLGH��KDGURQLFKDGURQLF����

SURFHVVHV��RU�KRZ�WR�WDLORU�SURFHVVHV��RU�KRZ�WR�WDLORU�



J.P. Wellisch, 
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What is trackedWhat is tracked in in GGEANT4EANT4 ??
*�7UDFN

*�3DUWLFOH'HILQLWLRQ

*�'\QDPLF3DUWLFOH

*�3URFHVV0DQDJHU

• Propagated by the tracking,
• Snapshot of the particle state and location.

• Momentum, pre-assigned decay…

• The « particle type »:
� G4Electron,
� G4PionPlus…

• « Hangs » the
physics sensitivity;

• The physics
processes;

3URFHVVB�

3URFHVVB�

3URFHVVB�

• The classes involved in the building 
the « physics list » are:
• The G4ParticleDefinition

concrete classes;
• The G4ProcessManager;
• The processes;



J.P. Wellisch, 
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± 3RVW6WHS actions:
• Most hadronic interactions, …

The process tracking The process tracking interfaceinterface..

�� 7KHUH�7KHUH�DUH�DUH�WKUHHWKUHH VLWXDWLRQV��VLWXDWLRQV��ZKHUHZKHUH ��WUDFNLQJWUDFNLQJ!�!�PD\�ZDQWPD\�ZDQW

WR�WR�DVNDVN LQIRUPDWLRQ�LQIRUPDWLRQ�IURPIURP ��SURFHVVSURFHVV!�!�

± $ORQJ6WHS:
• To describe ‘continuous’ interactions,

occuring along the path of the particle,
like ionisation;

± $W5HVW:
• Decay, e+ annihilation … $ORQJ6WHS

3RVW6WHS
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�� $�$�SURFHVV�ZLOO�LPSOHPHQW�SURFHVV�ZLOO�LPSOHPHQW�DQ\�FRPELQDWLRQDQ\�FRPELQDWLRQ RI�RI�WKH�WKH�

WKUHH�WKUHH�$W5HVW$W5HVW����$ORQJ6WHS$ORQJ6WHS DQG�DQG�3RVW6WHS3RVW6WHS DFWLRQV�DFWLRQV�

�� (J(J����GHFD\GHFD\  � �$W5HVW$W5HVW ����3RVW6WHS3RVW6WHS

�� (DFK(DFK DFWLRQ�DFWLRQ�GHILQHV�GHILQHV�WZR�PHWKRGVWZR�PHWKRGV��

± *HW3K\VLFDO,QWHUDFWLRQ/HQJWK���

• Used to limit the step size:
– because the process « triggers » an interaction, a decay, geometry 

boundary, a user’s limit …

± 'R,W���

• Implements the actual action to be applied on the track;
• Typically final state generation.

The process tracking The process tracking interfaceinterface..
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G4VProcess & G4ProcessManagerG4VProcess & G4ProcessManager

�� ,Q�,Q�SUD[L�WKHSUD[L�WKH *�3URFHVV0DQDJHU*�3URFHVV0DQDJHU KDV�KDV�WKUHH�WKUHH�

YHFWRUVYHFWRUV RI�DFWLRQVRI�DFWLRQV��

�� 2QH�IRU�2QH�IRU�WKH�WKH�$W5HVW$W5HVW PHWKRGVPHWKRGV RI�RI�WKH�SDUWLFOHWKH�SDUWLFOH��

�� 2QH�IRU�2QH�IRU�WKHWKH $ORQJ6WHS$ORQJ6WHS RQHVRQHV��

�� $QG$QG RQH�IRU�RQH�IRU�WKHWKH 3RVW6WHS3RVW6WHS DFWLRQV�DFWLRQV�

�� ,W�LV�WKRVH�YHFWRUV�WKH,W�LV�WKRVH�YHFWRUV�WKH XVHU�VHWV�XS�LQ�XVHU�VHWV�XS�LQ�WKHWKH

SK\VLFV�OLVW�DQG�ZKLFKSK\VLFV�OLVW�DQG�ZKLFK DUH�DUH�XVHGXVHG E\�E\�WKH�WUDFNLQJWKH�WUDFNLQJ��



J.P. Wellisch, 
CERN/EP/SFT

A A word word of caution on of caution on processes orderingprocesses ordering

�� 2UGHULQJ2UGHULQJ RI�RI�IROORZLQJ�SURFHVVHV�LV�IROORZLQJ�SURFHVVHV�LV�FULWLFDOFULWLFDO��
�� $VVXPLQJ$VVXPLQJ QQ SURFHVVHVSURFHVVHV����WKH�RUGHULQJWKH�RUGHULQJ RI�RI�WKH�WKH�
$ORQJ*HW3K\VLFDO,QWHUDFWLRQ/HQJWK$ORQJ*HW3K\VLFDO,QWHUDFWLRQ/HQJWK RI�RI�WKHWKH ODVW�ODVW�
SURFHVVHV�VKRXOG�EHSURFHVVHV�VKRXOG�EH��

>Q>Q���@�«�@�«

>Q>Q���@�PXOWLSOH��@�PXOWLSOH�VFDWWHULQJVFDWWHULQJ

>Q@�WUDQVSRUWDWLRQ>Q@�WUDQVSRUWDWLRQ

�� :K\:K\ ""
�� 3URFHVVHV3URFHVVHV UHWXUQ�D�UHWXUQ�D�©© WUXH�SDWK�OHQJWKWUXH�SDWK�OHQJWK ª�ª�

�� 7KH7KH PXOWLSOH�PXOWLSOH�VFDWWHULQJVFDWWHULQJ ©© YLUWXDOO\�IROGVYLUWXDOO\�IROGV XSXS ª�ª�WKLVWKLV
WUXH�SDWK�OHQJWK�LQWRWUXH�SDWK�OHQJWK�LQWR D�D�VKRUWHUVKRUWHU ©© JHRPHWULFDOJHRPHWULFDO ªª
SDWK�OHQJWKSDWK�OHQJWK��

�� %DVHG%DVHG RQ�RQ�WKLVWKLV QHZ�QHZ�OHQJWKOHQJWK����WKHWKH WUDQVSRUWDWLRQWUDQVSRUWDWLRQ FDQ�FDQ�
JHRPHWULFDOO\�OLPLWV�WKH�VWHSJHRPHWULFDOO\�OLPLWV�WKH�VWHS��

�� )RU�)RU�RWKHU�SURFHVVHV�RUGHULQJ�GRHVRWKHU�SURFHVVHV�RUGHULQJ�GRHV QRW�QRW�PDWWHUPDWWHU��

u
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A few examples of processesA few examples of processes

*�7UDQVSRUWDWLRQ*�7UDQVSRUWDWLRQ

*�'HFD\*�'HFD\

*�H,RQL]DWLRQ*�H,RQL]DWLRQ

*�LRQ,RQL]DWLRQ*�LRQ,RQL]DWLRQ

*�0X%UHPV6WUDKOXQJ*�0X%UHPV6WUDKOXQJ

*�6\QFKURWURQ5DGLDWLRQ*�6\QFKURWURQ5DGLDWLRQ

*�2S$EVRUSWLRQ*�2S$EVRUSWLRQ

*�+DGURQ(ODVWLF3URFHVV*�+DGURQ(ODVWLF3URFHVV

*�1HXWURQ,QHODVWLF3URFHVV*�1HXWURQ,QHODVWLF3URFHVV

(WF��(WF��

ÎÎ7KHVH�DUH�UHJLVWHUHG�ZLWK�WKH�SURFHVV�PDQDJHUV�E\�7KHVH�DUH�UHJLVWHUHG�ZLWK�WKH�SURFHVV�PDQDJHUV�E\�
WKH�SK\VLFV�OLVWV�DQG�WKH�EXLOGHUV�WKH�SK\VLFV�OLVWV�DQG�WKH�EXLOGHUV�
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Hadronic Hadronic vs. electromagnetic processesvs. electromagnetic processes

�� ,Q�(0�SK\VLFV��PRVWO\���,Q�(0�SK\VLFV��PRVWO\���

�� ��SURFHVV� ���PRGHO�DQG���FURVV��SURFHVV� ���PRGHO�DQG���FURVV��VHFWLRQ�VHFWLRQ�

�� ,Q�,Q�KDGURQLFKDGURQLF SK\VLFV��PRVWO\���SK\VLFV��PRVWO\���

�� ��SURFHVV� �DQ�DVVHPEO\�DQG�VHOHFWLRQ�RI���SURFHVV� �DQ�DVVHPEO\�DQG�VHOHFWLRQ�RI�PDQ\�FURVVPDQ\�FURVV��

VHFWLRQV�GDWDVHFWLRQV�GDWD��VHWV��PRGHOV��SURGXFWLRQ�FRGHV��PRGHO�VHWV��PRGHOV��SURGXFWLRQ�FRGHV��PRGHO�

FRPSRQHQWV��VXEFRPSRQHQWV��VXE��DVVHPEOLHV��RSWLRQV��DVVHPEOLHV��RSWLRQV��

�� 'HIDXOW�FURVV'HIDXOW�FURVV��VHFWLRQ�DUH�SURYLGHG�IRU�HDFK�SURFHVV�VHFWLRQ�DUH�SURYLGHG�IRU�HDFK�SURFHVV�

�� <RX�GHFLGH�LQ�WKH�SK\VLFV�OLVW��ZKDW�H[DFWO\�\RX�XVH�<RX�GHFLGH�LQ�WKH�SK\VLFV�OLVW��ZKDW�H[DFWO\�\RX�XVH�

�� 0L[��PDWFK��DVVHPEOH�0L[��PDWFK��DVVHPEOH�
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fission
(no details)

elastic
 (no details)

neutron_hp

evaporation

Precompound

GEM channels

evaporation GNASHTransitions

precompound

Binary cascade

CHIPS QGSFragmentation

QGSModel

models

NeutronReaction neutron_hp

cross-sections

NeutronIso

isotope production

inelastic
 (with details)

capture
(no details)

particle
ex: neutron

A sample inelastic process.
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Cross section logic: Cross section logic: 
““AddDataSetAddDataSet(…)” fills a FILO stack(…)” fills a FILO stack

Cross section baseline

Energy, particle, material, isotope, anything else

Data set 3

Data set 2

Data set 1

R
e
g.
s
e
q
u
e
n
c
e

“ GetCrossSection(… )” 
uses the first applicable 
dataset
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A sketch of model managementA sketch of model management

 At rest

direct implementations

Cross section frame (L2)

direct implementation

Direct implementations

direct impl.

frag. func. implementations

frag function interface (L5)

string frag. utility framework (L5)

string parton framework (L4) transport utility

high energy

direct implementations

evaporation framework utility (L5)

precompound utility

direct implementations

Cascade framework (L4) direct implemetations

spallation framework (L4)

theory framework (L3)

model frame (L2)

direct implementations

iso production frame (L2)

direct implementations

event biasing (L2)

In flight framework (L1) direct implementations

process


