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Level densitiesLevel densities
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Emission probabilitiesEmission probabilities
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Fragment emissionFragment emission
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ThermalizationThermalization
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90 90 MeV MeV protons scattering off Bismuthprotons scattering off Bismuth
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90 90 MeV MeV protons scattering off Nickelprotons scattering off Nickel
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Statistical evaporation models.Statistical evaporation models.
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�� 1RWHV�RQ�HYDSRUDWLRQ1RWHV�RQ�HYDSRUDWLRQ

�� 7UHDWV�H[FLWHG�QXFOHDU�V\VWHP�LQ�7UHDWV�H[FLWHG�QXFOHDU�V\VWHP�LQ�

HTXLOLEULXPHTXLOLEULXP

�� (YDSRUDWLRQ�SURGXFHV�PRVW�RI�WKH�QHXWURQV�(YDSRUDWLRQ�SURGXFHV�PRVW�RI�WKH�QHXWURQV�

LQ�D�LQ�D�KDGURQLF�KDGURQLF�VKRZHUVKRZHU
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The The Weisskopf Weisskopf Ewing modelEwing model
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�� 6LQFH�WKH�SUREDELOLW\��������LV�SURSRUWLRQDO�WR�6LQFH�WKH�SUREDELOLW\��������LV�SURSRUWLRQDO�WR�
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�� ,Q�JHQHUDO��ZH�WDNH,Q�JHQHUDO��ZH�WDNH 'RVWURYVN\¶V'RVWURYVN\¶V FURVVFURVV��
VHFWLRQ�IRU�WKH�LQYHUVH�UHDFWLRQVVHFWLRQ�IRU�WKH�LQYHUVH�UHDFWLRQV
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�� 7KH�FRXORPE�EDUULHU�FDOFXODWHG�IURP�HOHFWURVWDWLFV�LV�7KH�FRXORPE�EDUULHU�FDOFXODWHG�IURP�HOHFWURVWDWLFV�LV�
QRW�GLUHFWO\�DSSOLFDEOH��EXW�QHHGV�FRUUHFWLRQ�IRU�YDULRXV�QRW�GLUHFWO\�DSSOLFDEOH��EXW�QHHGV�FRUUHFWLRQ�IRU�YDULRXV�
HIIHFWV��IRU�H[DPSOH�IRU�WXQQHOLQJ�WKURXJK�WKH�EDUULHU��HIIHFWV��IRU�H[DPSOH�IRU�WXQQHOLQJ�WKURXJK�WKH�EDUULHU��

�� 7R�NHHS�WKH�SUREDELOLW\�GLVWULEXWLRQV�LQ�DQ�7R�NHHS�WKH�SUREDELOLW\�GLVWULEXWLRQV�LQ�DQ�LQWHJUDEOH�LQWHJUDEOH�
IRUP��D�WDEXODWHG�FRHIILFLHQW��DOVR�IURP�6KDSLUR��FDQ�IRUP��D�WDEXODWHG�FRHIILFLHQW��DOVR�IURP�6KDSLUR��FDQ�
EH�XVHGEH�XVHG

�� )RU�WKH�FRQWDFW�UDGLXV��SOHDVH�VHH�$�6�)RU�WKH�FRQWDFW�UDGLXV��SOHDVH�VHH�$�6�,OMLQRY,OMLQRY��HW��DO���HW��DO�
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�� 7KH�VLPSOHVW�DQG�ZLGHO\�XVHG�OHYHO�GHQVLWLHV�DUH�7KH�VLPSOHVW�DQG�ZLGHO\�XVHG�OHYHO�GHQVLWLHV�DUH�
EDVHG�RQ�WKRVH�RI�EDVHG�RQ�WKRVH�RI�:HLVVNRSI:HLVVNRSI��EDVHG�RQ�D�FRPSOHWHO\���EDVHG�RQ�D�FRPSOHWHO\�
GHJHQHUDWH�)HUPL�JDV�GHJHQHUDWH�)HUPL�JDV�

�� :H�XVH�WKLV�ZLWK�D�OHYHO�GHQVLW\�SDUDPHWHU�RI:H�XVH�WKLV�ZLWK�D�OHYHO�GHQVLW\�SDUDPHWHU�RI

�� :LWK�SDUDPHWHUV�WDNHQ�IURP�:LWK�SDUDPHWHUV�WDNHQ�IURP�,OLMRI�,OLMRI�DW�DO��13$����������DW�DO��13$����������
���������DQG�QXFOHDU�VKHOO�FRUUHFWLRQV�IURP����������DQG�QXFOHDU�VKHOO�FRUUHFWLRQV�IURP�7UXUDQ7UXUDQ����
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It can be more sophisticated…It can be more sophisticated…
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�� :LWK:LWK

�� WKH�QXFOHDU�WHPSHUDWXUHWKH�QXFOHDU�WHPSHUDWXUH

�� DQGDQG
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�� ������QXFOLGV�QXFOLGV�XS�WR�0J�����DUH�FRQVLGHUHG��XS�WR�0J�����DUH�FRQVLGHUHG��

LQFOXGLQJ�WKHLU�TXDVLLQFOXGLQJ�WKHLU�TXDVL��VWDEOH�H[FLWHG�VWDEOH�H[FLWHG�

VWDWHV�ZLWK�KDOIVWDWHV�ZLWK�KDOI��OLYHVOLYHV

*
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SummarySummary

�� :H�KDYH�ORRNHG�DW�LQHODVWLF�:H�KDYH�ORRNHG�DW�LQHODVWLF�KDGURQ�KDGURQ�QXFOHDU�QXFOHDU�

UHDFWLRQV�DQG�VRPH�RI�WKH�PRGHOLQJ�UHDFWLRQV�DQG�VRPH�RI�WKH�PRGHOLQJ�

SRVVLELOLWLHV�UHDOL]HG�LQ�JHDQW��SRVVLELOLWLHV�UHDOL]HG�LQ�JHDQW��

�� ,Q�GRLQJ�VR��ZH�FRYHUHG�DERXW�����RI�WKH�,Q�GRLQJ�VR��ZH�FRYHUHG�DERXW�����RI�WKH�

JHDQW��JHDQW��KDGURQLFKDGURQLF PRGHOV����RI����SDFNDJHV��PRGHOV����RI����SDFNDJHV��

�� )RU�WKH�UHPDLQLQJ�PDMRULW\��SOHDVH�UHIHU�WR�)RU�WKH�UHPDLQLQJ�PDMRULW\��SOHDVH�UHIHU�WR�

WKH�SK\VLFV�UHIHUHQFH�PDQXDO�WKH�SK\VLFV�UHIHUHQFH�PDQXDO�



Part 3Part 3

7U\LQJ�WR�DQVZHU�WKH�7U\LQJ�WR�DQVZHU�WKH�

TXHVWLRQ��TXHVWLRQ��

+RZ�JRRG�LV�LW�UHDOO\"+RZ�JRRG�LV�LW�UHDOO\"
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Verification Verification –– grouped into sectionsgrouped into sections

�� 7KH�YHULILFDWLRQ�HIIRUW�RI�WKH�JHDQW��7KH�YHULILFDWLRQ�HIIRUW�RI�WKH�JHDQW��KDGURQLFKDGURQLF
ZRUNLQJ�JURXS�LV�JURXSHG�LQWR�VHYHUDO�ZRUNLQJ�JURXS�LV�JURXSHG�LQWR�VHYHUDO�
VHFWLRQV�VHFWLRQV�

�� ,QFOXVLYH�FURVV,QFOXVLYH�FURVV��VHFWLRQVVHFWLRQV

�� 7KLQ�WDUJHW�FRPSDULVRQV7KLQ�WDUJHW�FRPSDULVRQV

�� 9HULILFDWLRQ�RI�PRGHO�FRPSRQHQWV9HULILFDWLRQ�RI�PRGHO�FRPSRQHQWV

�� &RGH�FRPSDULVRQV��OHDVW�HIIHFWLYH�&RGH�FRPSDULVRQV��OHDVW�HIIHFWLYH�

�� &RPSOHWH�DSSOLFDWLRQ�WHVWV&RPSOHWH�DSSOLFDWLRQ�WHVWV

�� 5REXVWQHVV�5REXVWQHVV�

�� ,�JLYH�D�IHZ�H[DPSOHV�RI�HDFK�LQ�WKH�IROORZLQJ�,�JLYH�D�IHZ�H[DPSOHV�RI�HDFK�LQ�WKH�IROORZLQJ�
VOLGHV�VOLGHV�



A few total crossA few total cross--
section examplessection examples
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Proton reaction crossProton reaction cross--section: section: 

J.P.Wellisch
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Pi+ reaction crossPi+ reaction cross--sections: dots: data, open sections: dots: data, open 
symbols: two different symbols: two different parametrizationparametrization
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neutronneutron--nuclear reaction crossnuclear reaction cross--sections sections 
at high energiesat high energies



A few examples of thin A few examples of thin 
target comparisonstarget comparisons
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Particle multiplicities, QGS modelParticle multiplicities, QGS model
(dots are data, circles are MC)(dots are data, circles are MC)
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PionPion production examples, QGS:production examples, QGS:
Rapidity distributions and  invariant Rapidity distributions and  invariant 
crosscross--section predictions in quark gluon string modelsection predictions in quark gluon string model

J.P.Wellisch
100 GeV pi+ on Gold 400GeV protons on Lithium
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K+ scattering off GoldK+ scattering off Gold
QGSQGS ModelModel

Distributions of eta
And transverse momentum.
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Forward peaks in proton Forward peaks in proton 
induced neutron productioninduced neutron production

Beryllium

Aluminum

Iron

Lead

256 MeV data
Neutrons at 7.5deg.
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Binary cascade: Neutrons from Binary cascade: Neutrons from 
597 597 MeV MeV p on p on PbPb (PRC 22, p1184)(PRC 22, p1184)

Neutron production
At 30, 60, 90, 120
And 150 degrees

30 degrees

60 degrees

90 degrees

120 degrees

150 degrees

J.P.Wellisch
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Binary cascadeBinary cascade

160 MeV p on Pb, 
forward neutrons

585MeV p on Al, forward
And backward n and π
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Low energy neutron capture:Low energy neutron capture:
gammas from 14 gammas from 14 MeV MeV capture on Uraniumcapture on Uranium

J.P.Wellisch
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Neutron induced isotope productionNeutron induced isotope production



A few verification plots A few verification plots 
for model componentsfor model components



J.P. Wellisch, 
CERN/PH

4He

Nuclear densities: Ex. 4He, 10B, 28Si, and 63Cu

J.P.Wellisch
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Predicting the Delta production crossPredicting the Delta production cross--
section in pp scattering by binary section in pp scattering by binary casacdecasacde

J.P.Wellisch
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#  prongs prediction in QGS model , #  prongs prediction in QGS model , 
single single pomeron pomeron exchange approximation.exchange approximation.
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Doppler broadening (low energy neutrons)Doppler broadening (low energy neutrons)



A few code comparisonsA few code comparisons
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Gammas and conversion electrons inGammas and conversion electrons in
5757Co: geant4 vs. RADLISTCo: geant4 vs. RADLIST
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Nuclear interactions with Geant4 versus Nuclear interactions with Geant4 versus 
experiment (G4 5.2 results by experiment (G4 5.2 results by SoukupSoukup, et al.), et al.)

Phantom and experimental results from H.Paganetti, B.Gottschalk, Medical physics 
Vol. 30, No.7, 2003
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7HVW7HVW��EHDP�VDPSOH�UHVXOW��EHDP�VDPSOH�UHVXOW��
�D�FRXUWHV\�RI�WKH�$7/$6�DQG�&06�GHWHFWRU�JURXSV��D�FRXUWHV\�RI�WKH�$7/$6�DQG�&06�GHWHFWRU�JURXSV�

ATLAS TILE prelim. CMS combined prelim.
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A few calorimeter A few calorimeter 
simulation comparisons simulation comparisons 
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Courtesy of
The ATLAS
HEC community
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Courtesy of
The ATLAS
HEC community
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HEC shower shapes G4 5.0 (true geometry, my toy analysis) HEC shower shapes G4 5.0 (true geometry, my toy analysis) 
data from NIM, A482,94ff.data from NIM, A482,94ff.
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HEC G4 5.0 (true geometry, my toy analysis)HEC G4 5.0 (true geometry, my toy analysis)
data from NIM, A482,94ff.data from NIM, A482,94ff.
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ATLAS HEC G4 5.0 (true geometry, my toy analysis) ATLAS HEC G4 5.0 (true geometry, my toy analysis) 
data from NIM, A482,94ff. data from NIM, A482,94ff. 

J.P.Wellisch



7KH�(1'"7KH�(1'"



J.P. Wellisch, 
CERN/PH

TomorrowTomorrow

�� 6HOHFWHG�WRSLFV�RI�HOHFWURPDJQHWLF�6HOHFWHG�WRSLFV�RI�HOHFWURPDJQHWLF�

SK\VLFVSK\VLFV

�� 6RPH�FRPSOHWH�FDORULPHWHU�VLPXODWLRQV6RPH�FRPSOHWH�FDORULPHWHU�VLPXODWLRQV

�� $�FRXUWHV\�RI�WKH�YDOLGDWLRQ�SURMHFW��DQG�$�FRXUWHV\�RI�WKH�YDOLGDWLRQ�SURMHFW��DQG�

WKH�GHWHFWRU�JURXSVWKH�GHWHFWRU�JURXSV
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