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Overview of the moduleOverview of the module

�� :KDW�WR�REVHUYH��ZKHQ�FRQVWUXFWLQJ�D�:KDW�WR�REVHUYH��ZKHQ�FRQVWUXFWLQJ�D�
GHWHFWRU�IRU�XVH�ZLWK�GHWHFWRU�IRU�XVH�ZLWK�KDGURQLFVKDGURQLFV

�� 3K\VLFV�OLVWV�IRU�WKH�XVH3K\VLFV�OLVWV�IRU�WKH�XVH��FDVHV�RI�FDVHV�RI�
KDGURQLF�KDGURQLF�SK\VLFVSK\VLFV
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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��
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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�WKLV�ZLWK1HYHU�XVH�WKLV�ZLWK KDGURQLFKDGURQLF SK\VLFVSK\VLFV
�7KHUH�DUH�RI�FRXUVH�VLWXDWLRQV��KHUH�\RX�ZLOO�QRW�EH��7KHUH�DUH�RI�FRXUVH�VLWXDWLRQV��KHUH�\RX�ZLOO�QRW�EH�
DEOH�WR�DYRLG�LW�DEOH�WR�DYRLG�LW�
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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�
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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
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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�
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PartPart--2 physics lists2 physics lists

:KDW�LV�D�SK\VLFV�OLVW":KDW�LV�D�SK\VLFV�OLVW"
�� $�SK\VLFV�OLVWV�VSHFLILHV�WKH�FRPSOHWH�SK\VLFV�$�SK\VLFV�OLVWV�VSHFLILHV�WKH�FRPSOHWH�SK\VLFV�
PRGHOLQJ�QHFHVVDU\�IRU�\RXU�DSSOLFDWLRQ�PRGHOLQJ�QHFHVVDU\�IRU�\RXU�DSSOLFDWLRQ�
�� 3DUWLFOHV3DUWLFOHV
�� 7UDQVSRUWDWLRQ7UDQVSRUWDWLRQ
�� 'HFD\V'HFD\V
�� (OHFWURPDJQHWLF�SK\VLFV(OHFWURPDJQHWLF�SK\VLFV
�� ������
�� +DGURQLF�+DGURQLF�SK\VLFVSK\VLFV
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Geant4 physics lists versus geant3 Geant4 physics lists versus geant3 
packagespackages

�� ,Q�JHDQW���WKH�SK\VLFV�OLVWV��/+(3��4*63��,Q�JHDQW���WKH�SK\VLFV�OLVWV��/+(3��4*63��
)7)&��HWF���VHUYH�WKH�VDPH�SXUSRVH�DV�WKH�)7)&��HWF���VHUYH�WKH�VDPH�SXUSRVH�DV�WKH�
³SDFNDJHV´��*+(,6+$��)/8.$��*&$/25��LQ�³SDFNDJHV´��*+(,6+$��)/8.$��*&$/25��LQ�
JHDQW��JHDQW��

�� &RQFHSWXDOO\��WKH�WZR�DUH�LGHQWLFDO��&RQFHSWXDOO\��WKH�WZR�DUH�LGHQWLFDO��
�� 7KH\�ERWK�JLYH�D�FRPSOHWH�VHW�RI�7KH\�ERWK�JLYH�D�FRPSOHWH�VHW�RI�KDGURQLF�KDGURQLF�
PRGHOLQJ�WR�DQ�DSSOLFDWLRQ�PRGHOLQJ�WR�DQ�DSSOLFDWLRQ�

�� (DFK�³SDFNDJH´�LV�EXLOW�RI�D�VHW�RI�PRGHOV(DFK�³SDFNDJH´�LV�EXLOW�RI�D�VHW�RI�PRGHOV
�� ,Q�5'����WKH�LGHD�ZDV�WKDW�HDFK�XVHU�ZRXOG�,Q�5'����WKH�LGHD�ZDV�WKDW�HDFK�XVHU�ZRXOG�
�KDYH�WR��EXLOG�µKLV¶�SDFNDJH��KDYH�WR��EXLOG�µKLV¶�SDFNDJH�
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In the case if In the case if hadronichadronic physics lists, physics lists, 
the problem is complexity.the problem is complexity.

�� ,W�WDNHV���OHYHOV�RI�LPSOHPHQWDWLRQ�,W�WDNHV���OHYHOV�RI�LPSOHPHQWDWLRQ�
IUDPHZRUN�LQ�JHDQW��WR�LPSOHPHQW�IUDPHZRUN�LQ�JHDQW��WR�LPSOHPHQW�
KDGURQLFVKDGURQLFV��

�� 7KHVH��DQG�WKH�PRGHOV�LPSOHPHQWLQJ�7KHVH��DQG�WKH�PRGHOV�LPSOHPHQWLQJ�
WKHP��DUH�WKHQ�XVHG�WR�DVVHPEOH�WKH�WKHP��DUH�WKHQ�XVHG�WR�DVVHPEOH�WKH�
SK\VLFV�OLVWV�SK\VLFV�OLVWV�
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The starting pointThe starting point

�� It is well recognized since quite some time that writing a It is well recognized since quite some time that writing a 
good physics list is no trivial, in particular when good physics list is no trivial, in particular when hadronic hadronic 
physics is involved.physics is 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 can provide a set of physics lists Today we can provide a set of physics lists 
institutionalizing this experience.institutionalizing this experience.

�� 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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The purpose of the physics listsThe purpose of the physics lists
�� *LYH�DQ�µHGXFDWHG�JXHVV¶�WKDW�FDQ�EH�XVHG�DV�VWDUWLQJ�SRLQW�*LYH�DQ�µHGXFDWHG�JXHVV¶�WKDW�FDQ�EH�XVHG�DV�VWDUWLQJ�SRLQW�
E\�DQ\�XVHU�DQG�RU�JLYH�PHDQLQJIXO�DOWHUQDWLYHV�IRU�SK\VLFV�E\�DQ\�XVHU�DQG�RU�JLYH�PHDQLQJIXO�DOWHUQDWLYHV�IRU�SK\VLFV�
OLVWV�IRU�WKH�YDULRXV�XVHOLVWV�IRU�WKH�YDULRXV�XVH��FDVHV�RI�FDVHV�RI�KDGURQLF�KDGURQLF�SK\VLFV�SK\VLFV�

�� 3URYLGH�D�EULHI�GHVFULSWLRQ�RI�WKH�PRGHOLQJ�XVHG�LQ�WKH�3URYLGH�D�EULHI�GHVFULSWLRQ�RI�WKH�PRGHOLQJ�XVHG�LQ�WKH�
GLIIHUHQW�SK\VLFV�OLVWV�GLIIHUHQW�SK\VLFV�OLVWV�

�� )LQG�D�QDWXUDO�RUJDQL]DWLRQ�IRU�WKH�YHULILFDWLRQ�YDOLGDWLRQ�)LQG�D�QDWXUDO�RUJDQL]DWLRQ�IRU�WKH�YHULILFDWLRQ�YDOLGDWLRQ�
UHVXOWV��VR�SHRSOH�FDQ�ILQG�WKH�SDUW�RI�WKH�LQIRUPDWLRQ�WKH\�UHVXOWV��VR�SHRSOH�FDQ�ILQG�WKH�SDUW�RI�WKH�LQIRUPDWLRQ�WKH\�
DUH�LQWHUHVWHG�LQ��ZKHWKHU�WKH\�GR�FDORULPHWHU�GHVLJQ�RU�DUH�LQWHUHVWHG�LQ��ZKHWKHU�WKH\�GR�FDORULPHWHU�GHVLJQ�RU�
QHXWURQ�QHXWURQ�GRVLPHWU\GRVLPHWU\��

�� 3URYLGH�IRU�DUHDV�ZKHUH�XVHUV�FDQ�FRQWULEXWH�WKHLU�ILQGLQJV�3URYLGH�IRU�DUHDV�ZKHUH�XVHUV�FDQ�FRQWULEXWH�WKHLU�ILQGLQJV�
�� 3URYLGH�D�GLVWULEXWLRQ�PHFKDQLVP�IRU�ERWK�SK\VLFV�OLVWV�DQG�3URYLGH�D�GLVWULEXWLRQ�PHFKDQLVP�IRU�ERWK�SK\VLFV�OLVWV�DQG�
YHULILFDWLRQ�UHVXOWV�YHULILFDWLRQ�UHVXOWV�

�� 0DNH�SK\VLFV�OLVWV�VRXUFH�FRGH�PRUH�UHDGDEOH�0DNH�SK\VLFV�OLVWV�VRXUFH�FRGH�PRUH�UHDGDEOH�
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We made an “educated guess”  for you.We made an “educated guess”  for you.

�� :KDW�LW�QHHGHG�ZDV:KDW�LW�QHHGHG�ZDV
�� 6XIILFLHQW�ULFKQHVV�LQ�PRGHOLQJ6XIILFLHQW�ULFKQHVV�LQ�PRGHOLQJ
�� $�XVHU�EDVH��WKDW�LV�ZLOOLQJ�WR�LURQ�WKLQJV�$�XVHU�EDVH��WKDW�LV�ZLOOLQJ�WR�LURQ�WKLQJV�
RXW��,�H��EHWD�WHVWHUV�RXW��,�H��EHWD�WHVWHUV�

�� ([SHULHQFH�LQ�WKH�YDULRXV�DUHDV�RI�([SHULHQFH�LQ�WKH�YDULRXV�DUHDV�RI�
DSSOLFDWLRQ�DSSOLFDWLRQ�

�� 6DPSOH�XVH6DPSOH�XVH��FDVH�UHDOL]DWLRQVFDVH�UHDOL]DWLRQV
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Design Design –– an extension of what I had proposed during one of the an extension of what I had proposed during one of the 

last workshops, and last workshops, and Hisaya Hisaya had realized.had realized.
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DesignDesign
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DesignDesign
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DesignDesign
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Now, what does this mean ?Now, what does this mean ?

�� &RPSOH[�SUREOHPV�QHHG�VWUXFWXUHG�VROXWLRQV�&RPSOH[�SUREOHPV�QHHG�VWUXFWXUHG�VROXWLRQV�
�� 7KHUH�DUH���OHYHOV�RI�LPSOHPHQWDWLRQ�IUDPHZRUN�7KHUH�DUH���OHYHOV�RI�LPSOHPHQWDWLRQ�IUDPHZRUN�
LQ�JHDQW��LQ�JHDQW��KDGURQLFVKDGURQLFV��

�� ,Q�WKH�EXLOGHUV��ZH�KDYH�FROODSVHG�WKHVH�WR�OHYHO�,Q�WKH�EXLOGHUV��ZH�KDYH�FROODSVHG�WKHVH�WR�OHYHO�
��DQG�RU�OHYHO���FRPSOH[LW\���DQG�RU�OHYHO���FRPSOH[LW\�

�� :LWK�WKH�³HGXFDWHG�JXHVV´�SK\VLFV�OLVWV��ZH�KDYH�:LWK�WKH�³HGXFDWHG�JXHVV´�SK\VLFV�OLVWV��ZH�KDYH�
UHUH��LQWURGXFHG�DQ�HTXLYDOHQW�RI�WKH�JHDQW��LQWURGXFHG�DQ�HTXLYDOHQW�RI�WKH�JHDQW��
³SDFNDJH´�FRQFHSW�³SDFNDJH´�FRQFHSW�
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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¶��
�� $JJUHJDWH�KLV�RZQ�FRFNWDLO�IURP�OLPLWHG�$JJUHJDWH�KLV�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�RXU�XVHUV�FRPSOH[LW\�H[SRVHG�WR�RXU�XVHUV�

�� 2I�FRXUVH�\RX�DUH�VWLOO�HQFRXUDJHG�WR�WDLORU�2I�FRXUVH�\RX�DUH�VWLOO�HQFRXUDJHG�WR�WDLORU�
WKH�SK\VLFV�OLVWV�WKDW�ZH�SURYLGH��DQG�RU�EXLOG�WKH�SK\VLFV�OLVWV�WKDW�ZH�SURYLGH��DQG�RU�EXLOG�
RXU�RZQ�RXU�RZQ�
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The WWW pages The WWW pages –– a small demo.a small demo.

�� :H�JR�WR�:H�JR�WR�
�� KWWS���FPVGRF�FHUQ�FK�aKSZ�*+$'�+RPH3DJHKWWS���FPVGRF�FHUQ�FK�aKSZ�*+$'�+RPH3DJH

�� 1RWH�WKDW�WKHUH�LV�DOVR�D�µSK\VLFV�OLVWV¶�WRSLF�1RWH�WKDW�WKHUH�LV�DOVR�D�µSK\VLFV�OLVWV¶�WRSLF�
RQ�WKH�JHDQW�RQ�WKH�JHDQW� +\SHU1HZV+\SHU1HZV����


