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Outline Outline 

�� 6WDWXV�RQ�PLOHVWRQHV��DQG�UHFHQW�6WDWXV�RQ�PLOHVWRQHV��DQG�UHFHQW�
GHYHORSPHQWVGHYHORSPHQWV

�� 9DOLGDWLRQ�YHULILFDWLRQ9DOLGDWLRQ�YHULILFDWLRQ
�� 1HZV�RQ�RXWVLGH�FRQWDFWV���1HZV�RQ�RXWVLGH�FRQWDFWV���UGUG SDUWLHV�SDUWLHV�
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The dry numbers…The dry numbers…

�� 1XPEHU�RI�SDFNDJHV�1XPEHU�RI�SDFNDJHV�
�� 5HOHDVHG����5HOHDVHG����
�� 7RWDO����7RWDO����

�� 1XPEHU�RI�FODVVHV1XPEHU�RI�FODVVHV
�� 5HOHDVHG�����5HOHDVHG�����
�� 7RWDO������7RWDO������

�� /LQHV�RI�VRXUFH�FRGH�/LQHV�RI�VRXUFH�FRGH�
�� 5HOHDVHG��a�������5HOHDVHG��a�������
�� 7RWDO��a�������7RWDO��a�������
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……

�� $W�SUHVHQW�DERXW����SHRSOH�DUH�$W�SUHVHQW�DERXW����SHRSOH�DUH�
FRQWULEXWLQJ�WR�WKLV�HIIRUW�ZLWK�VRPH�RI�FRQWULEXWLQJ�WR�WKLV�HIIRUW�ZLWK�VRPH�RI�
WKHLU�WLPH��FUHDWLYLW\��RU�H[SHUWLVH�WKHLU�WLPH��FUHDWLYLW\��RU�H[SHUWLVH�

�� 7KH�QXPEHU�RI�XVH7KH�QXPEHU�RI�XVH��FDVH�SDFNDJHV�FDVH�SDFNDJHV�
FRQVLGHUHG�LV�FXUUHQWO\�����DQG�ZH�FRQVLGHUHG�LV�FXUUHQWO\�����DQG�ZH�
SURYLGH�D�WRWDO�RI����SK\VLFV�OLVWV�IRU�WKH�SURYLGH�D�WRWDO�RI����SK\VLFV�OLVWV�IRU�WKH�
YDULRXV�DUHDV�RI�DSSOLFDELOLW\�YDULRXV�DUHDV�RI�DSSOLFDELOLW\�
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The milestones.The milestones.
�� ��������

���� 'LVWULEXWH�µHGXFDWHG�JXHVV¶�SK\VLFV�OLVWV�IRU�PDMRU�XVH'LVWULEXWH�µHGXFDWHG�JXHVV¶�SK\VLFV�OLVWV�IRU�PDMRU�XVH��FDVHV���FDVHV���
���� ,QFOXGH�DW�OHDVW�RQH�WHVW,QFOXGH�DW�OHDVW�RQH�WHVW��EHDP�VLPXODWLRQ�LQ�SUHEHDP�VLPXODWLRQ�LQ�SUH��UHOHDVH�:*�OHYHO�UHOHDVH�:*�OHYHO�

YDOLGDWLRQ���YDOLGDWLRQ���
���� ,PSURYHG�YHULILFDWLRQ�VXLWH�IRU�WKH�FDVFDGH�HQHUJ\�UDQJH���,PSURYHG�YHULILFDWLRQ�VXLWH�IRU�WKH�FDVFDGH�HQHUJ\�UDQJH���
���� 5HOHDVH�ELDVHG�0$56�UH5HOHDVH�ELDVHG�0$56�UH��ZULWH�IRU�HQHUJLHV�EHORZ���ZULWH�IRU�HQHUJLHV�EHORZ���*H9�*H9�����
���� ,QFOXGH�,QFOXGH�γγ��QXFOHDU�UHDFWLRQV�LQ�TXDUNQXFOHDU�UHDFWLRQV�LQ�TXDUN��JOXRQ�VWULQJ�PRGHO���JOXRQ�VWULQJ�PRGHO���
���� ,PSURYH�WKH�FKDUJH,PSURYH�WKH�FKDUJH��VWDWH�WUHDWPHQW�IRU�UHFRLOV�UHVLGXDOV���VWDWH�WUHDWPHQW�IRU�UHFRLOV�UHVLGXDOV���
���� %ULQJ�NLQHWLF�PRGHO�WR�D�UHOHDVDEOH�VWDWH��RQJRLQJ�%ULQJ�NLQHWLF�PRGHO�WR�D�UHOHDVDEOH�VWDWH��RQJRLQJ�
���� 5HOHDVH�RI�D�FDVFDGH�FRGH��IURP�+(7&�PLOHVWRQH�������RQJRLQJ�5HOHDVH�RI�D�FDVFDGH�FRGH��IURP�+(7&�PLOHVWRQH�������RQJRLQJ�
���� 3URYLGH�D�JHQHULF�VFDWWHULQJ�WHUP�IRU�FDVFDGH�W\SH�PRGHOV��¶�3URYLGH�D�JHQHULF�VFDWWHULQJ�WHUP�IRU�FDVFDGH�W\SH�PRGHOV��¶�
������ ,PSURYH�HOHFWUR,PSURYH�HOHFWUR��QXFOHDU�FURVVQXFOHDU�FURVV��VHFWLRQ�WR�LQFOXGH�KDUG�VFDWWHULQJ���VHFWLRQ�WR�LQFOXGH�KDUG�VFDWWHULQJ���
������ 3XEOLVK�ZRUN�3XEOLVK�ZRUN��� DW�OHDVW���SDSHUV�VXEPLWWHG�WR�UHIHUHHG�MRXUQDOV����DW�OHDVW���SDSHUV�VXEPLWWHG�WR�UHIHUHHG�MRXUQDOV����GRQH�GRQH�
�� ��� �UHDFKHG��� �UHDFKHG
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Particle physics relevant requirements Particle physics relevant requirements 
collectedcollected

�� Specifically from LHC:Specifically from LHC:
�� Have starting physics list (done)Have starting physics list (done)
�� Improve information flow on V&V (done, to be verified)Improve information flow on V&V (done, to be verified)
�� Provide a cascade code (two focused efforts)Provide a cascade code (two focused efforts)
�� Fix known problems in low energy models (released)Fix known problems in low energy models (released)
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A complete sample requirement.A complete sample requirement.

�� Name and EName and E--mail: Dennis Wright, SLACmail: Dennis Wright, SLAC
�� Title: Title: PionPion andand kaonkaon nuclearnuclear produtionprodution crosscross--sectionssections
�� Description: 1Description: 1--55 GeV pionsGeV pions andand kaonskaons interactinginteracting inelasticallyinelastically. 10% . 10% 

precision would be great.precision would be great.
�� Rationale: Representation of how the shower develops.Rationale: Representation of how the shower develops.
�� Supporting useSupporting use--cases that require this: Trying to modelcases that require this: Trying to model hadronichadronic

interactions in the interactions in the BaBar intsrumentedBaBar intsrumented flux return.flux return.
�� Responsible Responsible cathegorycathegory: : hadronicshadronics
�� Fulfillment criterion: Comparison to the data from particles intFulfillment criterion: Comparison to the data from particles interacting eracting 

in the beamin the beam--pipe and flux return.pipe and flux return.
�� RelevaceRelevace: very highly relevant for : very highly relevant for BaBarBaBar, relevant also for , relevant also for LHCbLHCb
�� References: An EReferences: An E--mail from Dennis pointing to the data.mail from Dennis pointing to the data.
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Requirements collected Requirements collected –– titles onlytitles only

�� During the last geant4 workshop, the users workshop at SLAC, During the last geant4 workshop, the users workshop at SLAC, 
and in private mails:and in private mails:
�� Ensure that the physics reference manual match the implementatioEnsure that the physics reference manual match the implementation, n, 

and the models are mentioned in the applications developers guidand the models are mentioned in the applications developers guide, e, 
Referencing papers is just fine.Referencing papers is just fine.

�� Memory usage for G4NDL crossMemory usage for G4NDL cross--sectionssections
�� Energy and momentum conservation should be checked in regressionEnergy and momentum conservation should be checked in regression

independently by the working group for all models, and publish tindependently by the working group for all models, and publish the he 
testtest--suite.suite.

�� Use ’well known’ international benchmarks to validate; publish rUse ’well known’ international benchmarks to validate; publish results.esults.
�� More understandableMore understandable hadronichadronic physics listsphysics lists
�� Get documentation on which model is good/Get documentation on which model is good/usefullusefull/required for which /required for which 

useuse--casecase
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Requirements  Cont.Requirements  Cont.

�� Provide a set of plots, and put them u; i.e. provide a place to Provide a set of plots, and put them u; i.e. provide a place to put put 
these plots for users.these plots for users.

�� CrossCross--sections for n,p inelastic scattering below 150sections for n,p inelastic scattering below 150 MeVMeV in CMS in CMS 
tracker materials at 10% level of precisions.tracker materials at 10% level of precisions.

�� PionPion andand kaonkaon nuclearnuclear produtionprodution crosscross--sections: 1sections: 1--55 GeV pionsGeV pions andand
kaonskaons interactinginteracting inelasticallyinelastically. 10% precision would be great.. 10% precision would be great.

�� 1010--20% level of description for 1020% level of description for 10--100GeV incident protons for 100GeV incident protons for 
example on Beryllium or copper.example on Beryllium or copper.

�� Enroll a set of users to validate on complete application; as beEnroll a set of users to validate on complete application; as beta ta 
testers so to say.testers so to say.

�� Compare inclusive and exclusive crossCompare inclusive and exclusive cross--sectiossectios to data from the to data from the 
RAL/Durham databaseRAL/Durham database
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Requirements Cont.Requirements Cont.

�� Description on how to set cuts, and its effectsDescription on how to set cuts, and its effects
�� Possibility to stop low energy neutral particles (like neutrons)Possibility to stop low energy neutral particles (like neutrons)
�� Each model should be specified concerning its application Each model should be specified concerning its application 

area/usearea/use--casescases
�� Provide a list of models per useProvide a list of models per use--case packagecase package
�� List of models per useList of models per use--case packagecase package
�� Include physics list samples, once they exists, into theInclude physics list samples, once they exists, into the phsicsphsics editoreditor
�� EnsureEnsure tracabilitytracability of data to the primary sourceof data to the primary source
�� Well defined process for updating the databases on request.Well defined process for updating the databases on request.
�� ParametrizationsParametrizations ofof hadronichadronic showers inshowers in CsICsI and Iron.and Iron.
�� ParametrizationsParametrizations of neutron background in LHC experimentsof neutron background in LHC experiments
�� Models for alpha incident inelastic reactionsModels for alpha incident inelastic reactions
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Requirements Cont.Requirements Cont.

�� Models for alpha incidentModels for alpha incident difractivedifractive dissociation reactionsdissociation reactions
�� Where theWhere the modellingmodelling approach allows to produce the residual, it approach allows to produce the residual, it 

should be provided.should be provided.
�� Neutron production by alphas at energies below 10Neutron production by alphas at energies below 10 MeVMeV; including ; including 

reaction crossreaction cross--sections at 20%precision and kinematics of neutrons sections at 20%precision and kinematics of neutrons 
and gammas produced.and gammas produced.

�� Include K0Include K0 oszillationsoszillations
�� ProvideProvide muonmuon nuclear reactionsnuclear reactions
�� Provide internal conversionProvide internal conversion
�� Provide neutron elastic scattering, in particular recoil energy Provide neutron elastic scattering, in particular recoil energy and and 

momentum distributions for neutrons below 10MeV.momentum distributions for neutrons below 10MeV.
�� DitoDito for n inelastic scattering off Xenon and SiO2, CaCO3, H2Ofor n inelastic scattering off Xenon and SiO2, CaCO3, H2O



J.P. Wellisch, 
CERN/EP/SFT 

Requirements Cont.Requirements Cont.

�� DitoDito for capturefor capture
�� Provide gamma nuclear reactions for gamma Provide gamma nuclear reactions for gamma 

energies of less than 100energies of less than 100 MeVMeV, including cross, including cross--
sections.sections.

�� Provide radioactive decay after transmutation.Provide radioactive decay after transmutation.
�� Provide kProvide k--shell excitation in radioactive decayshell excitation in radioactive decay
�� Activation of detector material and environment by Activation of detector material and environment by 

shower particlesshower particles
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Note: Almost all of these requirements Note: Almost all of these requirements 
are by now fulfilled. Many were are by now fulfilled. Many were 
fulfilled when the issue was entered as fulfilled when the issue was entered as 
a requirement, so only information a requirement, so only information 
was to be provided.The rest are to be was to be provided.The rest are to be 
scheduled for being addressed, scheduled for being addressed, 
according to priorities.according to priorities.
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Requirements cont.Requirements cont.

�� ���IUHVK�UHTXLUHPHQWV�KDUYHVWHG�GXULQJ����IUHVK�UHTXLUHPHQWV�KDUYHVWHG�GXULQJ�
WKH�JHDQW��ZRUNVKRS�ODVW�ZHHN�WKH�JHDQW��ZRUNVKRS�ODVW�ZHHN�

�� 'LUHFW�LQWHUDFWLRQ�ZLWK�WKH�H[SHUWV�LV�'LUHFW�LQWHUDFWLRQ�ZLWK�WKH�H[SHUWV�LV�
YHU\�SURGXFWLYH�LQ�WKLV�YHU\�SURGXFWLYH�LQ�WKLV�
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Sample plots Sample plots 
energy depositionenergy deposition

��

BTEV: All distributions are 
in the expected energy range
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Active tasks 2002Active tasks 2002

�� Write ‘educated guess’ physics lists for major useWrite ‘educated guess’ physics lists for major use--casescases
�� Include at least one testInclude at least one test--beam simulation into regular validationbeam simulation into regular validation
�� Include a complete radiation benchmark into WG level validationInclude a complete radiation benchmark into WG level validation
�� Improved validation suite for the cascade energy rangeImproved validation suite for the cascade energy range
�� Possibly further extension of  the high energy validation suitePossibly further extension of  the high energy validation suite
�� Plan to contribute to SATIFPlan to contribute to SATIF--66
�� Release fully leading particle biased marsRelease fully leading particle biased mars--5 re5 re--writewrite
�� Release of cascade part of HETC reRelease of cascade part of HETC re--writewrite
�� Improve gamma nuclear reactions in QGS modelImprove gamma nuclear reactions in QGS model
�� Make a validation/verification WWW pageMake a validation/verification WWW page
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Active tasks 2002, cont.Active tasks 2002, cont.

�� Possibly first release of high energy heavy ion reactions in Possibly first release of high energy heavy ion reactions in 
QGS model, with option to further extension to QMDQGS model, with option to further extension to QMD

�� Revision of the reaction crossRevision of the reaction cross--sectionssections
�� Improve the charge state treatment for recoils.Improve the charge state treatment for recoils.
�� Bring kinetic model to releasable stateBring kinetic model to releasable state
�� Bring Bring inucl inucl cascade code to releasable statecascade code to releasable state
�� Research the use of CHIPS in string fragmentation for Research the use of CHIPS in string fragmentation for 

intrinsically 3D fragmentationintrinsically 3D fragmentation
�� Provide a generic scattering term for cascade type modelsProvide a generic scattering term for cascade type models
�� Alternative coherent elastic model (Alternative coherent elastic model (reggee reggee theory based)theory based)
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Active tasks 2002, cont.Active tasks 2002, cont.
�� Improve electroImprove electro--nuclear crossnuclear cross--sections to take hard sections to take hard 

scattering into account.scattering into account.
�� Investigate JENDL2.2, and LA150 neutron data librariesInvestigate JENDL2.2, and LA150 neutron data libraries
�� Collect (even more) requirementsCollect (even more) requirements
�� Release work, coordinationRelease work, coordination
�� Contribute to maintenance and user supportContribute to maintenance and user support
�� Contribute to architecture working groupContribute to architecture working group
�� Contribute to process improvement/establishmentContribute to process improvement/establishment
�� Contribute to trainingContribute to training
�� Publish work (11 papers in the plan…)Publish work (11 papers in the plan…)
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ConclusionsConclusions

�� :H�KDYH��DW�7,0(12:��PHW������PLOHVWRQHV�IRU������:H�KDYH��DW�7,0(12:��PHW������PLOHVWRQHV�IRU������
�� :H�JHW�D�FRQVWDQW�IORZ�RI�UHTXLUHPHQWV��IHH:H�JHW�D�FRQVWDQW�IORZ�RI�UHTXLUHPHQWV��IHH��EDFN��DQG�EDFN��DQG�
WHVWWHVW��EHDP�UHVXOWV�IURP�WKH�GHWHFWRU�JURXSV��WKLV�LV�EHDP�UHVXOWV�IURP�WKH�GHWHFWRU�JURXSV��WKLV�LV�
H[FHOOHQW�QHZV��H[FHOOHQW�QHZV��

�� :H�KDYH�D�JRRG�WHDP��DQG�ZH�DUH�QRUPDOO\�DEOH�WR�:H�KDYH�D�JRRG�WHDP��DQG�ZH�DUH�QRUPDOO\�DEOH�WR�
DWWUDFW�WKH�H[SHUWLVH�QHHGHG�IRU�PRGHOLQJ�DWWUDFW�WKH�H[SHUWLVH�QHHGHG�IRU�PRGHOLQJ�

�� :H�IXOO\�GHSHQG�RQ�YLVLWRU�DQG�WUDYHO�PRQH\�IURP�&(51�:H�IXOO\�GHSHQG�RQ�YLVLWRU�DQG�WUDYHO�PRQH\�IURP�&(51�
�� )URQW)URQW��OLQH�VXSSRUW�PDQOLQH�VXSSRUW�PDQ��SRZHU�QRQSRZHU�QRQ��WULYLDO�WR�ILQG�WULYLDO�WR�ILQG�



J.P. Wellisch, 
CERN/EP/SFT 

Some hadronic physics highlights of Some hadronic physics highlights of 
late 2001 and 2002late 2001 and 2002

�� 1HXWURQ�VSHFWUD�IURP�SUH1HXWURQ�VSHFWUD�IURP�SUH��HTXLOLEULXP�GHFD\�DQG�HTXLOLEULXP�GHFD\�DQG�
D�VQHDN�SUHYLHZ�RQ�NLQHWLF�PRGHO�SHUIRUPDQFHD�VQHDN�SUHYLHZ�RQ�NLQHWLF�PRGHO�SHUIRUPDQFH

�� TJVTJV PRGHO�IRUPRGHO�IRU SLRQSLRQ DQG�DQG�NDRQ�NDRQ��DQG�JDPPD���DQG�JDPPD��
LQGXFHG�UHDFWLRQVLQGXFHG�UHDFWLRQV

�� 'RSSOHU�EURDGHQLQJ�RQ�WKH�IO\'RSSOHU�EURDGHQLQJ�RQ�WKH�IO\
�� ,QWHUQDO�FRQYHUVLRQ��DQG�D�QHZ�SKRWRQ�,QWHUQDO�FRQYHUVLRQ��DQG�D�QHZ�SKRWRQ�
HYDSRUDWLRQ�GDWDHYDSRUDWLRQ�GDWD��EDVHEDVH

�� &KLUDO&KLUDO LQYDULDQW�SKDVHLQYDULDQW�SKDVH��VSDFH�GHFD\VSDFH�GHFD\
�� $�SURSDJDWLRQ�WHVW�IRU�TXDQWXP�PROHFXODU�$�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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Preview on kinetic Preview on kinetic 
modelmodel

160 MeV p on Pb, 
forward neutrons

585MeV p on Al, forward
And backward n and π
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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 
(for (for pions pions see V&V section)see V&V section)
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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\��WUDQVLWLRQ�HQHUJLHV��SKRWRQ�LQWHQVLW\��PXOWLSRODULW\PXOWLSRODULW\����
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\�DUH�FDOFXODWHG�E\�
FXELF�FXELF�VSOLQHVSOLQH LQWHUSRODWLRQ�LQWHUSRODWLRQ�
XVLQJ�DERYH�WDEOHV�DW�WKH�XVLQJ�DERYH�WDEOHV�DW�WKH�
UHTXLUHG�JDPPDUHTXLUHG�JDPPD��UD\�UD\�
HQHUJ\HQHUJ\

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

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

�� (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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5757CoCo



J.P. Wellisch, 
CERN/EP/SFT 

A sample development:A sample development:
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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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

1

1

)1( −

−

+
=

a

aC
P

ω
ων

ν
ν



J.P. Wellisch, 
CERN/EP/SFT 

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�



J.P. Wellisch, 
CERN/EP/SFT 

Hard scattering in electroHard scattering in electro--nuclearnuclear
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Hard scattering in electroHard scattering in electro--nuclearnuclear
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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��
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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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TestTest--beamsbeams

�� +DGURQLF+DGURQLF WHVWWHVW��EHDP�FRPSDULVRQV�FRPH�IURP�FROODERUDWLRQ�RI�EHDP�FRPSDULVRQV�FRPH�IURP�FROODERUDWLRQ�RI�H[SHULPHQWV¶�GHWHFWRU�JURXSV�ZLWK�µFRUH¶�JHDQW��SHUVRQQHO�H[SHULPHQWV¶�GHWHFWRU�JURXSV�ZLWK�µFRUH¶�JHDQW��SHUVRQQHO�
�� $7/$6�7LOH�WHVW$7/$6�7LOH�WHVW��EHDPEHDP
�� &06�7LOH�WHVW&06�7LOH�WHVW��EHDPEHDP
�� $7/$6�+(&�WHVW$7/$6�+(&�WHVW��EHDPEHDP
�� $7/$6�)&$/�WHVW$7/$6�)&$/�WHVW��EHDPEHDP
�� %7(9�FU\VWDO�WHVW%7(9�FU\VWDO�WHVW��EHDPEHDP
�� &06�FRPELQHG�WHVW&06�FRPELQHG�WHVW��EHDPEHDP
�� &V,&V, WHVWWHVW��EHDP�EHQFKPDUNEHDP�EHQFKPDUN
�� */$67��VWDUWLQJ��WHVW*/$67��VWDUWLQJ��WHVW��EHDPEHDP
�� 3ORWV�EHLQJ�VROLFLWHG�DV�FRXUWHV\�RI�WKH�H[SHULPHQWDO�JURXSV�3ORWV�EHLQJ�VROLFLWHG�DV�FRXUWHV\�RI�WKH�H[SHULPHQWDO�JURXSV�
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Other areas of known usage (likely Other areas of known usage (likely 
incomplete)incomplete)
�� 7UDFNHU�SHUIRUPDQFH7UDFNHU�SHUIRUPDQFH

�� $7/$6��&06��$7/$6��&06��%D%DU%D%DU
�� 0HGLFDO0HGLFDO

�� 8SSVDOD8SSVDOD��7(5$��7(5$
�� 1HXWURQ�1HXWURQ�GRVLPHWU\GRVLPHWU\��PHDVXUHPHQW��EHDP��PHDVXUHPHQW��EHDP��OLQHVOLQHV

�� 612��/RV�$ODPRV��&(51�36��612��/RV�$ODPRV��&(51�36��'R''R'�&DQ���HWF���&DQ���HWF��
�� 5DGLDWLRQ�5DGLDWLRQ�VFKLHOGLQJVFKLHOGLQJ��DFWLYDWLRQ����DFWLYDWLRQ��WKHUPDOL]DWLRQWKHUPDOL]DWLRQ

�� '<1$0,;��0(&2��$/,&("��&06��(6$��HWF��'<1$0,;��0(&2��$/,&("��&06��(6$��HWF��
�� 2LO�VHDUFK�DQG�VLPLODU2LO�VHDUFK�DQG�VLPLODU

�� 0LWVXELVKL��*HQHUDO�HOHFWULFV��(;;21��$/&$7(/«0LWVXELVKL��*HQHUDO�HOHFWULFV��(;;21��$/&$7(/«
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The hopefully no longer dry numbers…The hopefully no longer dry numbers…

�� 1XPEHU�RI�SDFNDJHV�1XPEHU�RI�SDFNDJHV�
�� 5HOHDVHG����5HOHDVHG����
�� 7RWDO����7RWDO����

�� 1XPEHU�RI�FODVVHV1XPEHU�RI�FODVVHV
�� 5HOHDVHG�����5HOHDVHG�����
�� 7RWDO������7RWDO������

�� /LQHV�RI�VRXUFH�FRGH�/LQHV�RI�VRXUFH�FRGH�
�� 5HOHDVHG��a�������5HOHDVHG��a�������
�� 7RWDO��a�������7RWDO��a�������
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ConclusionsConclusions

�� :H�KDYH�D�JRRG�WHDP:H�KDYH�D�JRRG�WHDP
�� :H�DUH�QRUPDOO\�DEOH�WR�DWWUDFW�WKH�:H�DUH�QRUPDOO\�DEOH�WR�DWWUDFW�WKH�
H[SHUWLVH�ZH�QHHGH[SHUWLVH�ZH�QHHG

�� :H�IXOO\�GHSHQG�RQ�YLVLWRU�DQG�WUDYHO�:H�IXOO\�GHSHQG�RQ�YLVLWRU�DQG�WUDYHO�
PRQH\�IURP�&(51PRQH\�IURP�&(51

�� )URQW)URQW��OLQH�VXSSRUW�PDQOLQH�VXSSRUW�PDQ��SRZHU�QRQSRZHU�QRQ��
WULYLDO�WR�ILQGWULYLDO�WR�ILQG
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�� 7KH�PDLQ�IRFXV�RI�DOO�WKHVH�GHYHORSPHQWV�LV�RI�7KH�PDLQ�IRFXV�RI�DOO�WKHVH�GHYHORSPHQWV�LV�RI�
FRXUVH�RQ�/+&�DQG�FRXUVH�RQ�/+&�DQG�%D%DU%D%DU VKRZHU�SK\VLFV��DQG�VKRZHU�SK\VLFV��DQG�
GRVLPHWU\GRVLPHWU\��

�� $//�HIIRUWV�WKDW�ZDQW�WR�FRQWULEXWH�WR�SK\VLFV�LQ�$//�HIIRUWV�WKDW�ZDQW�WR�FRQWULEXWH�WR�SK\VLFV�LQ�
WKH�JHDQW��FRQWH[W�DUH�ZHOFRPH�WKH�JHDQW��FRQWH[W�DUH�ZHOFRPH�

�� 3K\VLFV�PRGHOLQJ��SK\VLFV�9	9��DQG�SK\VLFV�3K\VLFV�PRGHOLQJ��SK\VLFV�9	9��DQG�SK\VLFV�
UHVHDUFK�LV�ERWK�WKH�VFRSH�DQG�FRQFHUQ�RI�WKH�UHVHDUFK�LV�ERWK�WKH�VFRSH�DQG�FRQFHUQ�RI�WKH�
JHDQW��JHDQW��KDGURQLF�KDGURQLF�ZRUNLQJ�JURXSZRUNLQJ�JURXS
�� 1RWH�WKDW�ZH�VWULYH�WR�PDNH�VXUH�WKDW�LQGLYLGXDO�1RWH�WKDW�ZH�VWULYH�WR�PDNH�VXUH�WKDW�LQGLYLGXDO�
DFWLYLWLHV�DUH�LQWHJUDWHG�WR�DYRLG�GXSOLFDWLRQ�RI�ZRUN��DFWLYLWLHV�DUH�LQWHJUDWHG�WR�DYRLG�GXSOLFDWLRQ�RI�ZRUN��
EXW�DOVR�WULYLDO�PLVWDNHVEXW�DOVR�WULYLDO�PLVWDNHV
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Collaboration with 3Collaboration with 3rdrd partiesparties
Some of the reasoning:Some of the reasoning:

�� Geant3 had used two strategies. There were shower Geant3 had used two strategies. There were shower 
packages released with geant3, and there were interfaces packages released with geant3, and there were interfaces 
released with geant3; the latter were interfacing to external released with geant3; the latter were interfacing to external 
packages. The first was a working model, for the latter, packages. The first was a working model, for the latter, 
geant3 always was claimed to be obsolete.geant3 always was claimed to be obsolete.

�� GISMO: the no physics situation, but only interfacing to GISMO: the no physics situation, but only interfacing to 
external packages. They never really got support for the use external packages. They never really got support for the use 
of these codes with GISMO.of these codes with GISMO.

�� MCNPX: Gets it right. They encourage and help 3MCNPX: Gets it right. They encourage and help 3rdrd parties to parties to 
release MCNP interfaces with their 3release MCNP interfaces with their 3rdrd party code. It solves party code. It solves 
the support question.the support question.
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Collaboration with 3Collaboration with 3rdrd partiesparties
�� Basis: Basis: We provide a set of  well defined, published, and highly stable We provide a set of  well defined, published, and highly stable interfaces that interfaces that 

allows interested 3allows interested 3rdrd parties to release adapters to use their code, or to use geant4parties to release adapters to use their code, or to use geant4
physics implementations within their infrastructure.physics implementations within their infrastructure.

�� EGS: EGS: geant4 chips code for geant4 chips code for γγ--nuclear reactions also in EGSnuclear reactions also in EGS
�� HETC: HETC: Being reBeing re--written to become natively available in G4written to become natively available in G4
�� INUCL: INUCL: Being integrated to become natively available in G4Being integrated to become natively available in G4
�� UrQMDUrQMD:: In the process of being reIn the process of being re--engineered to become natively engineered to become natively 

available in geant4available in geant4
�� MCNP: MCNP: Discussion on using the geant4 interfaces in MCNPDiscussion on using the geant4 interfaces in MCNP
�� GG--FLUKA: FLUKA: Interfaced by ‘air shower’ users for their own use.Interfaced by ‘air shower’ users for their own use.
�� LiegeLiege Cascade code: Discussion in progress. We hope that they will Cascade code: Discussion in progress. We hope that they will 

release a G4 interface soon, and are of course happy to help.release a G4 interface soon, and are of course happy to help.
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�� ,W�LV�YHU\�LPSRUWDQW�WKDW�LQGLYLGXDO�FRQWULEXWRUV�,W�LV�YHU\�LPSRUWDQW�WKDW�LQGLYLGXDO�FRQWULEXWRUV�
DUH�HQIUDQFKLVHG�WR�MRLQ�WKH�FROODERUDWLRQ��LQ�DUH�HQIUDQFKLVHG�WR�MRLQ�WKH�FROODERUDWLRQ��LQ�
SDUWLFXODU�LQ�WKH�DUHD�RI�SK\VLFV�PRGHOLQJ�SDUWLFXODU�LQ�WKH�DUHD�RI�SK\VLFV�PRGHOLQJ�

�� 7KH\�PXVW�IHHO�DVVXUHG�WKDW�WKH\�DUH�ZHOO�7KH\�PXVW�IHHO�DVVXUHG�WKDW�WKH\�DUH�ZHOO�
SURWHFWHG�IURP�DQ\�DWWHPSW�WR�GHSULYH�WKHP�RII�SURWHFWHG�IURP�DQ\�DWWHPSW�WR�GHSULYH�WKHP�RII�
�RU�FRS\�VWHDO��RU�FRS\�VWHDO�VXEOWLOLVHUVXEOWLOLVHU��WKH�ZRUN�WKDW�EXLOW�WKHLU���WKH�ZRUN�WKDW�EXLOW�WKHLU�
FDUHHUV��,�H��WKHLU�FRGH�FDUHHUV��,�H��WKHLU�FRGH�

�� 7KH\�RWKHUZLVH�ZRXOG�EH�DVNHG�WR�FRQWULEXWH�DW�7KH\�RWKHUZLVH�ZRXOG�EH�DVNHG�WR�FRQWULEXWH�DW�
WKHLU�RZQ�SHULO�WKHLU�RZQ�SHULO�

�� :H�VKRXOG�H[SOLFLWO\�VWDWH�D�SROLF\�HQVXULQJ�WKLV�LQ�:H�VKRXOG�H[SOLFLWO\�VWDWH�D�SROLF\�HQVXULQJ�WKLV�LQ�
WKH�WKH�0R8�0R8�UHYLVLRQ�UHYLVLRQ�


