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OutlineOutline
�� 1HXWURQ�VSHFWUD�IURP�SUH1HXWURQ�VSHFWUD�IURP�SUH��HTXLOLEULXP�GHFD\�HTXLOLEULXP�GHFD\�
�� TJVTJV PRGHO�IRUPRGHO�IRU SLRQSLRQ DQG�DQG�NDRQ�NDRQ��DQG�JDPPD���DQG�JDPPD��
LQGXFHG�UHDFWLRQVLQGXFHG�UHDFWLRQV

�� 1HXWURQV�DQG�1HXWURQV�DQG�GRSSOHUGRSSOHU EURDGHQLQJ�RQ�WKH�IO\EURDGHQLQJ�RQ�WKH�IO\
�� ,QWHUQDO�FRQYHUVLRQ��DQG�WKH�QHZ�SKRWRQ�,QWHUQDO�FRQYHUVLRQ��DQG�WKH�QHZ�SKRWRQ�
HYDSRUDWLRQ�GDWDHYDSRUDWLRQ�GDWD��EDVHEDVH

�� *DPPD�QXFOHDU�UHDFWLRQ�FURVV*DPPD�QXFOHDU�UHDFWLRQ�FURVV��VHFWLRQVVHFWLRQV
�� &KLUDO&KLUDO LQYDULDQW�SKDVHLQYDULDQW�SKDVH��VSDFH�GHFD\VSDFH�GHFD\
�� 7KH�FDVFDGH�FRGHV7KH�FDVFDGH�FRGHV
�� $�SURSDJDWLRQ�WHVW�IRU�TXDQWXP�PROHFXODU�$�SURSDJDWLRQ�WHVW�IRU�TXDQWXP�PROHFXODU�
G\QDPLFVG\QDPLFV
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Swapping to show a few Swapping to show a few 
transparencies on pretransparencies on pre--compound compound 
neutron yields.neutron yields.
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Low energy neutrons: Low energy neutrons: 
G4NDL0.2, 3.7G4NDL0.2, 3.7

�� Are granular selections of data from (alphabetic)Are granular selections of data from (alphabetic)
�� Brond Brond 2.12.1
�� CENDL 2.2CENDL 2.2
�� EFFEFF--33
�� ENDF/B (VI.0, VI.1, VI.5)ENDF/B (VI.0, VI.1, VI.5)
�� ENSDFENSDF
�� FENDL/E2.0FENDL/E2.0
�� JEF 2.2JEF 2.2
�� JENDL (3.1, 3.2, FF, 3.3 currently under study)JENDL (3.1, 3.2, FF, 3.3 currently under study)
�� MENDLMENDL--2(P)2(P)

�� Large parts of the selection is guided by the Large parts of the selection is guided by the 
FENDLFENDL--2 selection2 selection

�� G4NDL0.2 for nonG4NDL0.2 for non--thermal applicationthermal application
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The neutron_hp transport modelsThe neutron_hp transport models

�� Simulate the crossSimulate the cross--sections and interactions of sections and interactions of 
neutrons with kinetic energies below 20 neutrons with kinetic energies below 20 MeV MeV down down 
to thermal energies .to thermal energies .

�� The upper limit is set only by the evaluated data The upper limit is set only by the evaluated data 
libraries the code is based on.libraries the code is based on.

�� We consider elastic scattering, fission, capture and We consider elastic scattering, fission, capture and 
inelastic scattering as separate modelsinelastic scattering as separate models

�� Neutron_hp sampling codes for the ENDF/BNeutron_hp sampling codes for the ENDF/B--VI VI 
derived data formats are completely generic derived data formats are completely generic (not including (not including 
general Rgeneral R--matrix for the time being)matrix for the time being)

�� Note that for fission there is a quite competitive theory drivenNote that for fission there is a quite competitive theory driven alternative model, alternative model, 
G4ParaFissionModel.G4ParaFissionModel.
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Models for neutron interaction and Models for neutron interaction and thermalizationthermalization..

�� QHXWURQBKS�PRGHOV�DQG�FURVVQHXWURQBKS�PRGHOV�DQG�FURVV��VHFWLRQV�VHFWLRQV�
��8VHV�WKH�8VHV�WKH�XQL[XQL[ ILOHILOH��V\VWHP�WR�HQVXUH�V\VWHP�WR�HQVXUH�
JUDQXODU�DQG�WUDQVSDUHQW�DFFHVV�XVDJH�RI�JUDQXODU�DQG�WUDQVSDUHQW�DFFHVV�XVDJH�RI�
GDWD�VHWV�GDWD�VHWV�

��0RUH�WKDQ���A���HYHQWV�UXQ�0RUH�WKDQ���A���HYHQWV�UXQ�
��8VHV�SRLQW8VHV�SRLQW��ZLVH�FURVVZLVH�FURVV��VHFWLRQV�VHFWLRQV�ÎÎ QR�QR�
DUWLIDFWV�GXH�WR�PXOWLDUWLIDFWV�GXH�WR�PXOWL��JURXS�VWUXFWXUH�JURXS�VWUXFWXUH�
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Doppler broadeningDoppler broadening

�� 'RHV�H[DFW'RHV�H[DFW GRSSOHUGRSSOHU EURDGHQLQJ�RQ�WKH�IO\��EURDGHQLQJ�RQ�WKH�IO\��
EDVHG�RQ��.�GDWD�EDVHG�RQ��.�GDWD�ÎÎ QR�SUHQR�SUH��IRUPDWWLQJ�RI�IRUPDWWLQJ�RI�
GDWD�WR�IL[HG�WHPSHUDWXUHV��DQG�HDV\�GDWD�WR�IL[HG�WHPSHUDWXUHV��DQG�HDV\�
VLPXODWLRQ�RI�VHWVLPXODWLRQ�RI�VHW��XSV�ZLWK�PL[HG�XSV�ZLWK�PL[HG�
WHPSHUDWXUHV�WHPSHUDWXUHV�

�� $GGV�WKH$GGV�WKH GRSSOHUGRSSOHU ELDV�WR�WKH�QXFOHDU�ELDV�WR�WKH�QXFOHDU�
PRPHQWXP�GLVWULEXWLRQPRPHQWXP�GLVWULEXWLRQ

�� 3RLQW�RQH�LV�WR�WKH�EHVW�RI�RXU�NQRZOHGJH�QRW�3RLQW�RQH�LV�WR�WKH�EHVW�RI�RXU�NQRZOHGJH�QRW�
DYDLODEOH�IURP�DQ\�RWKHU�WUDQVSRUW�FRGH��WKH�DYDLODEOH�IURP�DQ\�RWKHU�WUDQVSRUW�FRGH��WKH�
VHFRQG�LV�DOVR�LQ�0&13��VHFRQG�LV�DOVR�LQ�0&13��
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The The dopplerdoppler bias illustrated bias illustrated 
for Carbonfor Carbon
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qgsqgs model for  model for  ππ and K induced reactionsand K induced reactions

�� 3RPHURQ�3RPHURQ�WUDMHFWRU\�DQG�YHUWH[�WUDMHFWRU\�DQG�YHUWH[�
SDUDPHWHUV�WXQHG�WR�GHVFULEH�HODVWLF��SDUDPHWHUV�WXQHG�WR�GHVFULEH�HODVWLF��
WRWDO�DQG�GLIIUDFWLYH�����DVVXPHG��WRWDO�DQG�GLIIUDFWLYH�����DVVXPHG��
FURVVFURVV��VHFWLRQV�IRU�VHFWLRQV�IRU�NDRQ�NDRQ�DQG�DQG�SLRQ�SLRQ�
VFDWWHULQJ�RII�QXFOHRQV�VFDWWHULQJ�RII�QXFOHRQV�

�� 1R�WXQLQJ�RQ�ILQDO�VWDWH�GLVWULEXWLRQV�1R�WXQLQJ�RQ�ILQDO�VWDWH�GLVWULEXWLRQV�
�� $�IHZ�SORWV�WR�LOOXVWUDWH�WKH�TXDOLW\�RI�$�IHZ�SORWV�WR�LOOXVWUDWH�WKH�TXDOLW\�RI�
SUHGLFWLRQSUHGLFWLRQ
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KK--, scattering off Au , scattering off Au 
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Photon Evaporation data basePhoton Evaporation data base

�� 2ULJLQDOO\�FRQWDLQLQJ�DGRSWHG�OHYHO�DQG�JDPPD2ULJLQDOO\�FRQWDLQLQJ�DGRSWHG�OHYHO�DQG�JDPPD��UD\�UD\�
WUDQVLWLRQ�HQHUJLHV��SKRWRQ�LQWHQVLW\��PXOWLWUDQVLWLRQ�HQHUJLHV��SKRWRQ�LQWHQVLW\��PXOWL��SRODULW\��SRODULW\��
KDOIKDOI��OLIH�DQG�VSLQ�SDULW\�IRU�LVRWRSHV�XS�WR�= ����OLIH�DQG�VSLQ�SDULW\�IRU�LVRWRSHV�XS�WR�= ����
$ ���$ ���

�� ([SDQGHG�WR�LQFOXGH�SUREDELOLW\�RI�LQWHUQDO�FRQYHUVLRQ�([SDQGHG�WR�LQFOXGH�SUREDELOLW\�RI�LQWHUQDO�FRQYHUVLRQ�
DQG�LQWHUQDO�FRQYHUVLRQ�FRHIILFLHQWV��,&&��IURP�VKHOOV�DQG�LQWHUQDO�FRQYHUVLRQ�FRHIILFLHQWV��,&&��IURP�VKHOOV�
.��/���/���/���0���0���0���0���0��DQG�1�.��/���/���/���0���0���0���0���0��DQG�1�

�� %DVHG�RQ�(16')�GDWD�IURP�/%1/�DQG�WDEXODWHG�%DVHG�RQ�(16')�GDWD�IURP�/%1/�DQG�WDEXODWHG�
WKHRUHWLFDO�,&&�GDWD�IURP�%DQG�WKHRUHWLFDO�,&&�GDWD�IURP�%DQG�HW��DO�HW��DO� �XVHG�IRU�=��XVHG�IRU�=�≤≤
������DQG���DQG�5|VHO�5|VHO�HW���DO�HW���DO� �XVHG�����XVHG����≤≤ =�=�≤≤ ������
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�� ,&&V,&&V DUH�FDOFXODWHG�E\�FXELF�DUH�FDOFXODWHG�E\�FXELF�
VSOLQHVSOLQH LQWHUSRODWLRQ�XVLQJ�LQWHUSRODWLRQ�XVLQJ�
DERYH�WDEOHV�DW�WKH�UHTXLUHG�DERYH�WDEOHV�DW�WKH�UHTXLUHG�
JDPPDJDPPD��UD\�HQHUJ\UD\�HQHUJ\

�� ,&&�FDOFXODWHG�IRU�0L[HG�,&&�FDOFXODWHG�IRU�0L[HG�
PXOWLSRODULW\�PXOWLSRODULW\�0��(��LI�PL[LQJ�0��(��LI�PL[LQJ�
UDWLR�DYDLODEOHUDWLR�DYDLODEOH

�� 6RPH�FKDQJHV�ZHUH�6RPH�FKDQJHV�ZHUH�
LQWURGXFHG�LQ�WKH�IRUPDW�RI�WKH�LQWURGXFHG�LQ�WKH�IRUPDW�RI�WKH�
GDWD�EDVH�HQWULHV�WR�NHHS�WKH�GDWD�EDVH�HQWULHV�WR�NHHS�WKH�
VL]H�RI�WKH�ILOHV�GRZQ��GDWD�VL]H�RI�WKH�ILOHV�GRZQ��GDWD�
EDVH�LV�QRZ�����WLPHV�ODUJHU�EDVH�LV�QRZ�����WLPHV�ODUJHU�



J.P. Wellisch, 
CERN/EP/SFT 

Comparisons with the RADLIST Comparisons with the RADLIST 
program from BNLprogram from BNL

�� (16')�GHFD\�GDWD�SURFHVVHG�ZLWK�5$'/,67�(16')�GHFD\�GDWD�SURFHVVHG�ZLWK�5$'/,67�
�%1/�FRGH��DQG�*HDQW���IRU������GHFD\V��%1/�FRGH��DQG�*HDQW���IRU������GHFD\V�
������&V&V
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ChiralChiral Invariant PhaseInvariant Phase--space Decay.space Decay.

�� $�TXDUN�OHYHO��$�TXDUN�OHYHO����GLPHQVLRQDO�HYHQW�JHQHUDWRU�IRU�GLPHQVLRQDO�HYHQW�JHQHUDWRU�IRU�
IUDJPHQWDWLRQ�RI�H[FLWHG�IUDJPHQWDWLRQ�RI�H[FLWHG�KDGURQLF�KDGURQLF�V\VWHPV�LQWR�V\VWHPV�LQWR�
KDGURQV�KDGURQV�

�� %DVHG�RQ�WKH�4&'�LGHD�RI�DV\PSWRWLF�IUHHGRP%DVHG�RQ�WKH�4&'�LGHD�RI�DV\PSWRWLF�IUHHGRP
�� /RFDO�/RFDO�FKLUDO�FKLUDO�LQYDULDQFH�UHVWRUDWLRQ�OHWV�XV�FRQVLGHU�LQYDULDQFH�UHVWRUDWLRQ�OHWV�XV�FRQVLGHU�
TXDUN�TXDUN�SDUWRQV�PDVVOHVVSDUWRQV�PDVVOHVV��DQG�ZH�FDQ�LQWHJUDWH�WKH���DQG�ZH�FDQ�LQWHJUDWH�WKH�
LQYDULDQW�SKDVHLQYDULDQW�SKDVH��VSDFH�GLVWULEXWLRQ�RI�TXDUN�VSDFH�GLVWULEXWLRQ�RI�TXDUN�
SDUWRQV�SDUWRQV�DQG�TXDUN�H[FKDQJH��IXVLRQ��PHFKDQLVP�DQG�TXDUN�H[FKDQJH��IXVLRQ��PHFKDQLVP�
RI�RI�KDGURQL]DWLRQKDGURQL]DWLRQ

�� 7KH�RQO\�QRQ7KH�RQO\�QRQ��NLQHPDWLFDO�FRQFHSW�XVHG�LV�WKDW�RI�D�NLQHPDWLFDO�FRQFHSW�XVHG�LV�WKDW�RI�D�
WHPSHUDWXUH�RI�WKH�WHPSHUDWXUH�RI�WKH�KDGURQLF�KDGURQLF�V\VWHP��V\VWHP��TXDVPRQTXDVPRQ����
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Gamma nuclear reaction crossGamma nuclear reaction cross--sectionssections

�� 1HZ�WR�1HZ�WR�JHDQWJHDQW��VHH�WKH�VOLGHV���VHH�WKH�VOLGHV�
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Vacuum CHIPSVacuum CHIPS

�� 7KLV�DOORZV�WR�FDOFXODWH�WKH�GHFD\�RI�IUHH�H[FLWHG7KLV�DOORZV�WR�FDOFXODWH�WKH�GHFD\�RI�IUHH�H[FLWHG
KDGURQLFKDGURQLF V\VWHPV�V\VWHPV�

�� ,Q�DQ�ILQLWH�,Q�DQ�ILQLWH�WKHUPDOL]HGWKHUPDOL]HG V\VWHP�RI�1�V\VWHP�RI�1�SDUWRQVSDUWRQV ZLWK�ZLWK�
WRWDO�PDVV�0��WKH�LQYDULDQW�SKDVHWRWDO�PDVV�0��WKH�LQYDULDQW�SKDVH��VSDFH�LQWHJUDO�LV�VSDFH�LQWHJUDO�LV�
SURSRUWLRQDO�WR���������SURSRUWLRQDO�WR��������� ��DQG�WKH�VWDWLVWLFDO���DQG�WKH�VWDWLVWLFDO�
GHQVLW\�RI�VWDWHV�LV�SURSRUWLRQDO�WR������������+HQFH�GHQVLW\�RI�VWDWHV�LV�SURSRUWLRQDO�WR������������+HQFH�
ZH�FDQ�ZULWH�WKH�SUREDELOLW\�WR�ILQG�1�ZH�FDQ�ZULWH�WKH�SUREDELOLW\�WR�ILQG�1�SDUWRQV�SDUWRQV�ZLWK�ZLWK�
WHPSHUDWXUH�7�LQ�D�VWDWH�ZLWK�PDVV�0�DV�WHPSHUDWXUH�7�LQ�D�VWDWH�ZLWK�PDVV�0�DV�

�� 1RWH�WKDW�IRU�WKLV�GLVWULEXWLRQ��WKH�PHDQ�PDVV�1RWH�WKDW�IRU�WKLV�GLVWULEXWLRQ��WKH�PHDQ�PDVV�
VTXDUH��LV�VTXDUH��LV�
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Vacuum CHIPSVacuum CHIPS

�� :H�XVH�WKLV�IRUPXOD�WR�FDOFXODWH�WKH�QXPEHU�:H�XVH�WKLV�IRUPXOD�WR�FDOFXODWH�WKH�QXPEHU�
RIRI SDUWRQVSDUWRQV LQ�DQ�H[FLWHG�LQ�DQ�H[FLWHG�WKHUPDOL]HGWKHUPDOL]HG KDGURQLFKDGURQLF
V\VWHP��DQG�REWDLQ�WKH�V\VWHP��DQG�REWDLQ�WKH�SDUWRQ�SDUWRQ�VSHFWUXP�VSHFWUXP�

�� 7R�REWDLQ�WKH�SUREDELOLW\�IRU�TXDUN�IXVLRQ�LQWR�7R�REWDLQ�WKH�SUREDELOLW\�IRU�TXDUN�IXVLRQ�LQWR�
KDGURQV��ZH�FDQ�QRZ�FRPSXWH�WKH�SUREDELOLW\�KDGURQV��ZH�FDQ�QRZ�FRPSXWH�WKH�SUREDELOLW\�
WR�ILQG�WZR�WR�ILQG�WZR�SDUWRQV�SDUWRQV�ZLWK�ZLWK�PRPHQWDPRPHQWD T�DQG�N�T�DQG�N�
ZLWK�WKH�LQYDULDQW�PDVV�ZLWK�WKH�LQYDULDQW�PDVV�µµ��
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Vacuum CHIPSVacuum CHIPS

�� 8VLQJ�WKH�GHOWD�IXQFWLRQ�WR�SHUIRUP�WKH�LQWHJUDWLRQ�8VLQJ�WKH�GHOWD�IXQFWLRQ�WR�SHUIRUP�WKH�LQWHJUDWLRQ�
DQG�WKH�PDVV�FRQVWUDLQW��ZH�ILQG�WKH�WRWDO�DQG�WKH�PDVV�FRQVWUDLQW��ZH�ILQG�WKH�WRWDO�
NLQHPDWLFDO�SUREDELOLW\�RI�NLQHPDWLFDO�SUREDELOLW\�RI�KDGURQL]DWLRQ�KDGURQL]DWLRQ�RI�D�RI�D�SDUWRQ�SDUWRQ�
ZLWK�PRPHQWXP�N�LQWR�D�ZLWK�PRPHQWXP�N�LQWR�D�KDGURQKDGURQ ZLWK�PDVV�ZLWK�PDVV�µ:µ:

�� $FFRXQWLQJ�IRU�VSLQ�DQG�TXDUN�FRQWHQW�RI�WKH�ILQDO�$FFRXQWLQJ�IRU�VSLQ�DQG�TXDUN�FRQWHQW�RI�WKH�ILQDO�
VWDWH�VWDWH�KDGURQ�KDGURQ�DGGV���V����DQG�D�FRPELQDWRULDO�DGGV���V����DQG�D�FRPELQDWRULDO�
IDFWRU�IDFWRU�

�� $W�WKLV�OHYHO�RI�WKH�ODQJXDJH��&+,36�FDQ�EH�DSSOLHG�$W�WKLV�OHYHO�RI�WKH�ODQJXDJH��&+,36�FDQ�EH�DSSOLHG�
WR�SWR�S��SEDU�SEDU�DQQLKLODWLRQDQQLKLODWLRQ
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Anti proton annihilationAnti proton annihilation
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Anti proton annihilationAnti proton annihilation
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Nuclear CHIPSNuclear CHIPS

�� ,Q�RUGHU�WR�DSSO\�&+,36�IRU�DQ�H[FLWHG�,Q�RUGHU�WR�DSSO\�&+,36�IRU�DQ�H[FLWHG�KDGURQLF�KDGURQLF�
V\VWHP�ZLWKLQ�QXFOHL��ZH�KDYH�WR�DGG�V\VWHP�ZLWKLQ�QXFOHL��ZH�KDYH�WR�DGG�SDUWRQ�SDUWRQ�
H[FKDQJH�ZLWK�QXFOHDU�FOXVWHUV�WR�WKH�PRGHOH[FKDQJH�ZLWK�QXFOHDU�FOXVWHUV�WR�WKH�PRGHO

�� 7KH�NLQHPDWLFDO�SLFWXUH�LV��WKDW�D�FRORU�QHXWUDO�7KH�NLQHPDWLFDO�SLFWXUH�LV��WKDW�D�FRORU�QHXWUDO�
TXDVPRQ�TXDVPRQ�HPLWV�D�HPLWV�D�SDUWRQSDUWRQ��ZKLFK�LV�DEVRUEHG�E\�D���ZKLFK�LV�DEVRUEHG�E\�D�
QXFOHRQ�RU�D�QXFOHDU�FOXVWHU��7KLV�UHVXOWV�LQ�D�QXFOHRQ�RU�D�QXFOHDU�FOXVWHU��7KLV�UHVXOWV�LQ�D�
FRORUHG�UHVLGXDO�FRORUHG�UHVLGXDO�TXDVPRQTXDVPRQ��DQG�D�FRORUHG���DQG�D�FRORUHG�
FRPSRXQG�FRPSRXQG�

�� 7KH�FRORUHG�FRPSRXQG�WKHQ�GHFD\V�LQWR�DQ�7KH�FRORUHG�FRPSRXQG�WKHQ�GHFD\V�LQWR�DQ�
RXWJRLQJ�QXFOHDU�IUDJPHQW�DQG�D�µUHFRLO¶�TXDUN�RXWJRLQJ�QXFOHDU�IUDJPHQW�DQG�D�µUHFRLO¶�TXDUN�
WKDW�LV�LQFRUSRUDWHG�E\�WKH�FRORUHG�WKDW�LV�LQFRUSRUDWHG�E\�WKH�FRORUHG�TXDVPRQTXDVPRQ��
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Nuclear CHIPSNuclear CHIPS

�� $SSO\LQJ�PHFKDQLVPV�DQDORJXH�WR�YDFXXP�&+,36��$SSO\LQJ�PHFKDQLVPV�DQDORJXH�WR�YDFXXP�&+,36��
ZH�FDQ�ZULWH�WKH�SUREDELOLW\�RI�HPLVVLRQ�RI�D�ZH�FDQ�ZULWH�WKH�SUREDELOLW\�RI�HPLVVLRQ�RI�D�
QXFOHDU�IUDJPHQW�ZLWK�PDVV�QXFOHDU�IUDJPHQW�ZLWK�PDVV�µ µ DV�D�UHVXOW�RI�WKH�DV�D�UHVXOW�RI�WKH�
WUDQVLWLRQ�RI�D�WUDQVLWLRQ�RI�D�SDUWRQ�SDUWRQ�ZLWK�PRPHQWXP�N�IURP�WKH�ZLWK�PRPHQWXP�N�IURP�WKH�
TXDVPRQ�TXDVPRQ�WR�D�IUDJPHQW�ZLWK�PDVVWR�D�IUDJPHQW�ZLWK�PDVV µµ¶�DV�¶�DV�

�� +HUH��Q�LV�WKH�QXPEHU�RI�TXDUN+HUH��Q�LV�WKH�QXPEHU�RI�TXDUN��SDUWRQV�SDUWRQV�LQ�WKH�LQ�WKH�
QXFOHDU�FOXVWHU��DQG�QXFOHDU�FOXVWHU��DQG�∆∆ LV�WKH�FRYDULDQW�ELQGLQJ�LV�WKH�FRYDULDQW�ELQGLQJ�
HQHUJ\�RI�WKH�FOXVWHU��DQG�WKH�LQWHJUDO�LV�RYHU�WKH�HQHUJ\�RI�WKH�FOXVWHU��DQG�WKH�LQWHJUDO�LV�RYHU�WKH�
DQJOH�EHWZHHQ�DQJOH�EHWZHHQ�SDUWRQ�SDUWRQ�DQG�UHFRLO�DQG�UHFRLO�SDUWRQSDUWRQ��
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Nuclear CHIPSNuclear CHIPS

�� 7R�FDOFXODWH�WKH�IUDJPHQW�\LHOGV�LW�LV�7R�FDOFXODWH�WKH�IUDJPHQW�\LHOGV�LW�LV�
QHFHVVDU\�WR�FDOFXODWH�WKH�SUREDELOLW\�WR�ILQG�D�QHFHVVDU\�WR�FDOFXODWH�WKH�SUREDELOLW\�WR�ILQG�D�
FOXVWHU�RI�FOXVWHU�RI�νν QXFOHRQV�ZLWKLQ�D�QXFOHXV��:H�GR�QXFOHRQV�ZLWKLQ�D�QXFOHXV��:H�GR�
WKLV�XVLQJ�WKH�IROORZLQJ�DVVXPSWLRQV�WKLV�XVLQJ�WKH�IROORZLQJ�DVVXPSWLRQV�
�� $�IUDFWLRQ�$�IUDFWLRQ�ε1 ε1 RI�DOO�QXFOHRQV�LV�QRW�RI�DOO�QXFOHRQV�LV�QRW�FOXVWHULVLQJFOXVWHULVLQJ
�� $�IUDFWLRQ�$�IUDFWLRQ�ε2ε2 RI�WKH�QXFOHRQV�LQ�WKH�SHULSKHU\�RI�RI�WKH�QXFOHRQV�LQ�WKH�SHULSKHU\�RI�
WKH�QXFOHXV�LV�FOXVWHULQJ�LQWR�WZR�QXFOHRQ�FOXVWHUVWKH�QXFOHXV�LV�FOXVWHULQJ�LQWR�WZR�QXFOHRQ�FOXVWHUV

�� 7KHUH�LV�D�VLQJOH7KHUH�LV�D�VLQJOH FOXVWHUL]DWLRQFOXVWHUL]DWLRQ SUREDELOLW\�SUREDELOLW\�ω ω 
�� DQG�ILQG��ZLWK�D�EHLQJ�WKH�QXPEHU�RI�DQG�ILQG��ZLWK�D�EHLQJ�WKH�QXPEHU�RI�
QXFOHRQV�LQYROYHG�LQ�QXFOHRQV�LQYROYHG�LQ�FOXVWHUL]DWLRQFOXVWHUL]DWLRQ
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Nuclear CHIPSNuclear CHIPS

�� $W�WKLV�OHYHO�RI�WKH�ODQJXDJH��&+,36�FDQ�$W�WKLV�OHYHO�RI�WKH�ODQJXDJH��&+,36�FDQ�
EH�DSSOLHG�WR�FDSWXUH�RI�EH�DSSOLHG�WR�FDSWXUH�RI�SLRQV�SLRQV�DQG�DQG�
SKRWRSKRWR��QXFOHDU�UHDFWLRQV�QXFOHDU�UHDFWLRQV�
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IntraIntra--nuclear CHIPSnuclear CHIPS

�� ([WHQVLRQV�WR�LQFOXGH�WKH�EHKDYLRU�RI�([WHQVLRQV�WR�LQFOXGH�WKH�EHKDYLRU�RI�
PXOWLSOHPXOWLSOH TXDVPRQVTXDVPRQV ZLWKLQ�RQH�QXFOHXV�ZLWKLQ�RQH�QXFOHXV�
KDYH�EHHQ�DGGHG�KDYH�EHHQ�DGGHG�
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Hard scattering in electroHard scattering in electro--nuclearnuclear
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Hard scattering in electroHard scattering in electro--nuclearnuclear
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Final states for proton induced Final states for proton induced 
reactionsreactions

�� 7ZR�FDVFDGH�FRGHV�WR�EH�UHOHDVHG�RQ�7ZR�FDVFDGH�FRGHV�WR�EH�UHOHDVHG�RQ�
�����LI�DOO�JRHV�ZHOO������LI�DOO�JRHV�ZHOO�

�� $�NLQHWLF�FDVFDGH$�NLQHWLF�FDVFDGH
�� $�UH$�UH��ZULWH�RI�+(7&ZULWH�RI�+(7&
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Proton induced reactionsProton induced reactions
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Preview on kinetic Preview on kinetic 
cascadecascade

160 MeV p on Pb, 
forward neutrons

585MeV p on Al, forward
And backward n and π
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QuasiQuasi--elastic peaks in proton elastic peaks in proton 
scattering (256 scattering (256 MeVMeV))
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The cascade verification suite The cascade verification suite 
(CERN/SLAC)(CERN/SLAC)

�� 0DWHULDOV��+��G��%H��&��$O��)H��1L��0DWHULDOV��+��G��%H��&��$O��)H��1L��=U=U����3E3E��
�� %H���������������������%H���������������������0H90H9
�� &����������������&����������������0H90H9
�� $O��������������������������������������$O��������������������������������������0H90H9
�� )H�����������������������������)H�����������������������������0H90H9
�� 1L�����������1L�����������0H90H9 �IRU��IRU�SLRQ�SLRQ�SURGXFWLRQ��SURGXFWLRQ��
�� =U=U������������������������������������������������������������������0H90H9
�� 3E3E��������������������������������������������������������������������0H90H9
�� +��G��+��G��SLRQ�SLRQ�SURGXFWLRQ�DW�����SURGXFWLRQ�DW�����0H90H9
�� 0RUH�EHLQJ�DGGHG�DV�ZH�VSHDN�0RUH�EHLQJ�DGGHG�DV�ZH�VSHDN�
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One example: One example: 
597 597 MeV MeV p on p on PbPb

Neutron production
At 30, 60, 90, 120
And 150 degrees
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One complete example: One complete example: 
597597 MeVMeV p onp on PbPb (PRC 22, p1184)(PRC 22, p1184)

Pi+ production at
22.5, 45, 60, 90,
And 130 degrees
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One complete example: One complete example: 
597597 MeVMeV p onp on PbPb (PRC 22, p1184)(PRC 22, p1184)

Pi- production at
22.5, 45, 60, 90,
And 130 degrees
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A propagation test for QMD developmentA propagation test for QMD development

�� 6RPH�FKDUDFWHULVWLFV�RI�4'0��6RPH�FKDUDFWHULVWLFV�RI�4'0��
�� $�NLQHPDWLFDO�FDVFDGH�ZLWK�GHWDLOHG�PRGHOLQJ�RI�$�NLQHPDWLFDO�FDVFDGH�ZLWK�GHWDLOHG�PRGHOLQJ�RI�
WKH�QXFOHXV�WKH�QXFOHXV�

�� 1XFOHDU�+DPLOWRQLDQ�FDOFXODWHG�IURP���DQG���ERG\�1XFOHDU�+DPLOWRQLDQ�FDOFXODWHG�IURP���DQG���ERG\�
SRWHQWLDOV�RI�DOO�KDGURQV�SUHVHQW�LQ�WKH�V\VWHP�SRWHQWLDOV�RI�DOO�KDGURQV�SUHVHQW�LQ�WKH�V\VWHP�

�� 6ROYLQJ�WKH�HTXDWLRQ�RI�PRWLRQ�E\�LQWHJUDWLQJ�WKLV�6ROYLQJ�WKH�HTXDWLRQ�RI�PRWLRQ�E\�LQWHJUDWLQJ�WKLV�
WLPHWLPH��GHSHQGHQW�+DPLOWRQLDQ�GHSHQGHQW�+DPLOWRQLDQ�

�� 6FDWWHULQJ�WHUP�LQ�WHUPV�RI�ORFDOL]HG�LQWHUDFWLRQV�6FDWWHULQJ�WHUP�LQ�WHUPV�RI�ORFDOL]HG�LQWHUDFWLRQV�
DQG�GHFD\V�DQG�GHFD\V�

�� (WF��(WF��


