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0.5 picometer makes a difference! 

T. Basaglia et al., Investigation of Geant4 Simulation of Electron 
Backscattering, submitted to IEEE Trans. Nuc. Sci. 

Limited documentation is available in the literature about Geant4 pre-packaged PhysicsLists and their validation. Limited documentation is available in 
the literature about the validation of Geant4 Physics models, which are instantiated in pre-packaged PhysicsLists. Comparisons with experimental data 
often rest on qualitative, visual appraisal of plots, lacking rigorous quantification based on statistical methods. Our research aims at improving this 
situation through a rigorous validation strategy of Geant4 physics and extensive documentation of results in peer reviewed journal. 

Validation strategy 
§  Validation of the physics “ingredients” of Geant4 

PhysicsLists: cross sections, secondary particle 
spectra, angular distributions etc. 

§  Validation of Geant4 pre-packaged 
PhysicsConstructors and PhysicsLists over a wide 
variety of use cases  

Validation methods 
Due to their own nature, Geant4 PhysicsLists can only be 
assessed over specific use cases, which in turn are limited to 
specific observables (while individual physics models can be 
quantitatively validated against experimental data independently from 
any specific application scenario). 
Therefore it is essential to document quantitatively their 
performance over a large number of experimental use 
cases. The body of knowledge deriving from this extensive 
validation effort, subject to a regular peer review process, 
provides guidance to the experimental community 
regarding the use of pre-packaged PhysicsLists. 
Methods of uncertainty quantification can be exploited in 
some simulation scenarios, which allow the calculation of the 
uncertainty of simulated observables based on the uncertainty 
of model parameters. This is a field of active ongoing research. 

Example: assessment of Geant4 pre-packaged electromagnetic 
constructors with respect to electron backscattering This article has been accepted for inclusion in a future issue of this journal. Content is final as presented, with the exception of pagination.
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9DOLGDWLRQ 7HVW RI *HDQW� 6LPXODWLRQ RI
(OHFWURQ %DFNVFDWWHULQJ

6XQJ +XQ .LP� 0DULD *UD]LD 3LD� 7XOOLR %DVDJOLD� 0LQ &KHRO +DQ� *DEULHOD +RII� &KDQ +\HRQJ .LP� DQG
3DROR 6DUDFFR

Abstract—%DFNVFDWWHULQJ LV D VHQVLWLYH SUREH RI WKH DFFXUDF\
RI HOHFWURQ VFDWWHULQJ DOJRULWKPV LPSOHPHQWHG LQ 0RQWH &DUOR
FRGHV� 7KH FDSDELOLW\ RI WKH *HDQW� WRRONLW WR GHVFULEH UHDOLVWLFDOO\
WKH IUDFWLRQ RI HOHFWURQV EDFNVFDWWHUHG IURP D WDUJHW YROXPH
LV H[WHQVLYHO\ DQG TXDQWLWDWLYHO\ HYDOXDWHG LQ FRPSDULVRQ ZLWK
H[SHULPHQWDO GDWD UHWULHYHG IURP WKH OLWHUDWXUH� 7KH YDOLGDWLRQ
WHVW FRYHUV WKH HQHUJ\ UDQJH EHWZHHQ DSSUR[LPDWHO\ ��� H9 DQG
�� 0H9� DQG FRQFHUQV D ZLGH VHW RI WDUJHW HOHPHQWV� 0XOWLSOH DQG
VLQJOH HOHFWURQ VFDWWHULQJ PRGHOV LPSOHPHQWHG LQ *HDQW�� DV ZHOO
DV SUHDVVHPEOHG VHOHFWLRQV RI SK\VLFV PRGHOV GLVWULEXWHG ZLWKLQ
*HDQW�� DUH DQDO\]HG ZLWK VWDWLVWLFDO PHWKRGV� 7KH HYDOXDWLRQV
FRQFHUQ *HDQW� YHUVLRQV IURP ��� WR ����� 6LJQL¿FDQW HYROXWLRQV
DUH REVHUYHG RYHU WKH UDQJH RI *HDQW� YHUVLRQV� QRW DOZD\V LQ WKH
GLUHFWLRQ RI EHWWHU FRPSDWLELOLW\ ZLWK H[SHULPHQW� *RRGQHVV�RI�¿W
WHVWV FRPSOHPHQWHG E\ FDWHJRULFDO DQDO\VLV WHVWV LGHQWLI\ D FRQ�
¿JXUDWLRQ EDVHG RQ *HDQW� 8UEDQ PXOWLSOH VFDWWHULQJ PRGHO LQ
*HDQW� YHUVLRQ ��� DQG D FRQ¿JXUDWLRQ EDVHG RQ VLQJOH &RXORPE
VFDWWHULQJ LQ *HDQW� ���� DV WKH SK\VLFV RSWLRQV EHVW UHSURGXFLQJ
H[SHULPHQWDO GDWD DERYH D IHZ WHQV RI NH9� $W ORZHU HQHUJLHV
RQO\ VLQJOH VFDWWHULQJ GHPRQVWUDWHV VRPH FDSDELOLW\ WR UHSURGXFH
GDWD GRZQ WR D IHZ NH9� 5HFRPPHQGHG SUHDVVHPEOHG SK\VLFV
FRQ¿JXUDWLRQV DSSHDU LQFDSDEOH RI GHVFULELQJ HOHFWURQ EDFNVFDW�
WHULQJ FRPSDWLEOH ZLWK H[SHULPHQW� :LWK WKH VXSSRUW RI VWDWLVWLFDO
PHWKRGV� D FRUUHODWLRQ LV HVWDEOLVKHG EHWZHHQ WKH YDOLGDWLRQ RI
*HDQW��EDVHG VLPXODWLRQ RI EDFNVFDWWHULQJ DQG RI HQHUJ\ GHSRVL�
WLRQ�
Index Terms—(OHFWURQV� *HDQW�� 0RQWH &DUOR� VLPXODWLRQ�
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7 +( VLPXODWLRQ RI EDFNVFDWWHULQJ LV D VHQVLWLYH SOD\JURXQG
WR HYDOXDWH WKH FDSDELOLW\ RI D 0RQWH &DUOR WUDQVSRUW

FRGH WR GHVFULEH HOHFWURQ PXOWLSOH VFDWWHULQJ DFFXUDWHO\� 0XO�
WLSOH VFDWWHULQJ PRGHOLQJ DIIHFWV QRW RQO\ GLUHFWO\ DVVRFLDWHG
REVHUYDEOHV� VXFK DV WKH IUDFWLRQ RI HOHFWURQV LPSLQJLQJ RQ D
WDUJHW WKDW DUH EDFNVFDWWHUHG� WKHLU HQHUJ\ VSHFWUXP DQG DQJXODU

0DQXVFULSW UHFHLYHG 'HFHPEHU ��� ����� UHYLVHG )HEUXDU\ ��� ����� DF�
FHSWHG )HEUXDU\ ��� ����� 7KLV UHVHDUFK ZDV VXSSRUWHG LQ SDUW E\ WKH %UD]LOLDQ
3URMHFW �����������
6� +� .LP� 0� &� +DQ� DQG &� +� .LP DUH ZLWK WKH 'HSDUWPHQW RI 1X�

FOHDU (QJLQHHULQJ� +DQ\DQJ 8QLYHUVLW\� 6HRXO �������� .RUHD �H�PDLO�
NVK����#KDQ\DQJ�DF�NU� PFKDQ#KDQ\DQJ�DF�NU� FKNLP#KDQ\DQJ�DF�NU��
0� *� 3LD DQG 3� 6DUDFFR DUH ZLWK ,1)1 6H]LRQH GL *HQRYD� ,������ *HQRYD�

,WDO\ �H�PDLO� 0DULD*UD]LD�3LD#JH�LQIQ�LW� 3DROR�6DUDFFR#JH�LQIQ�LW��
7� %DVDJOLD LV ZLWK &(51� &+����� *HQqYH ��� 6ZLW]HUODQG �H�PDLO� 7XOOLR�

%DVDJOLD#FHUQ�FK��
*� +RII LV ZLWK WKH &$3(6 )RXQGDWLRQ� 0LQLVWU\ RI (GXFDWLRQ RI %UD]LO�

%UDVOLD � ') ���������� %UD]LO �H�PDLO� JKRII�JHVLF#JPDLO�FRP��
&RORU YHUVLRQV RI RQH RU PRUH RI WKH ¿JXUHV LQ WKLV SDSHU DUH DYDLODEOH RQOLQH

DW KWWS���LHHH[SORUH�LHHH�RUJ�
'LJLWDO 2EMHFW ,GHQWL¿HU ��������716�������������

GLVWULEXWLRQ� EXW DOVR WKH VLPXODWHG HQHUJ\ GHSRVLWLRQ LQ WKH
WDUJHW YROXPH�
4XDQWLWDWLYH HYDOXDWLRQV >�@� >�@ RI WKH FDSDELOLW\ RI *HDQW�

>�@� >�@ WR UHSURGXFH KLJK SUHFLVLRQ PHDVXUHPHQWV RI WKH HQHUJ\
GHSRVLWHG E\ ORZ HQHUJ\ HOHFWURQV LQ YDULRXV WDUJHWV >�@� >�@ KLQW
DW D VLJQL¿FDQW FRQWULEXWLRQ RI PXOWLSOH VFDWWHULQJ LPSOHPHQWD�
WLRQV WR GHWHUPLQH WKH DFFXUDF\ RI WKH VLPXODWHG HQHUJ\ GHSRVL�
WLRQ�
7KH VWXG\ GRFXPHQWHG LQ WKLV SDSHU DQDO\]HV TXDQWLWDWLYHO\

WKH VLPXODWLRQ RI HOHFWURQ EDFNVFDWWHULQJ EDVHG RQ *HDQW�� ,W
HYDOXDWHV WKH SHUIRUPDQFH RI VHYHUDO *HDQW� SK\VLFV FRQ¿JXUD�
WLRQ RSWLRQV� LQ DQ H[WHQGHG VHULHV RI *HDQW� YHUVLRQV� ZLWK UH�
VSHFW WR D ODUJH VDPSOH RI H[SHULPHQWDO GDWD FROOHFWHG IURP WKH
OLWHUDWXUH� ZKLFK FRYHU WKH HQHUJ\ UDQJH IURP ��� H9 WR ��0H9
DSSUR[LPDWHO\� &RPSDWLELOLW\ ZLWK H[SHULPHQW LV HVWDEOLVKHG E\
PHDQV RI JRRGQHVV�RI�¿W VWDWLVWLFDO PHWKRGV� ZKLOH WKH GLIIHUHQW
DELOLW\ RI *HDQW� SK\VLFV PRGHOLQJ RSWLRQV WR UHSURGXFH H[SHUL�
PHQWDO GDWD LV TXDQWL¿HG E\ WKH VWDWLVWLFDO DQDO\VLV RI FDWHJRULFDO
GDWD GHULYHG IURP WKH RXWFRPH RI JRRGQHVV�RI�¿W WHVWV� )LQDOO\�
WKH UHVXOWV RI WKLV YDOLGDWLRQ SURFHVV DUH FRUUHODWHG ZLWK WKH RXW�
FRPH RI WKH YDOLGDWLRQ RI HOHFWURQ HQHUJ\ GHSRVLWLRQ LQ >�@� DQG
WKH VLJQL¿FDQFH RI WKLV FRUUHODWLRQ LV TXDQWL¿HG�
7KH VFRSH RI WKH SDSHU LV OLPLWHG WR WHVWLQJ WKH HOHFWURQ

EDFNVFDWWHULQJ IUDFWLRQ VLPXODWHG E\ *HDQW�� $SDUW IURP WKH
FRQVLGHUDEOH DPRXQW RI PDWHULDO QHHGHG WR GRFXPHQW WKLV
VXEMHFW DORQH� WKH UHVXOWV UHSRUWHG LQ 6HFWLRQ 9, VXJJHVW WKDW
YDOLGDWLRQ WHVWV RI PRUH FRPSOH[ REVHUYDEOHV� VXFK DV WKH
VSHFWUXP DQG DQJXODU GLVWULEXWLRQ RI EDFNVFDWWHUHG HOHFWURQV�
ZRXOG EH PRUH PHDQLQJIXO RQFH WKH *HDQW� PXOWLSOH VFDWWHULQJ
GRPDLQ KDV EHQH¿WHG IURP WKH RSSRUWXQLWLHV IRU LPSURYHPHQW
KLJKOLJKWHG LQ WKLV SDSHU IRU IXWXUH YHUVLRQV RI WKH WRRONLW�
7KH UHVXOWV RI WKLV YDOLGDWLRQ WHVW SURYLGH JXLGDQFH WR RS�

WLPL]H WKH VHOHFWLRQ DQG FRQ¿JXUDWLRQ RI HOHFWURQ VFDWWHULQJ
PRGHOV LQ H[SHULPHQWDO DSSOLFDWLRQ VFHQDULRV EDVHG RQ VHYHUDO
*HDQW� YHUVLRQV H[DPLQHG LQ WKLV SDSHU� 7KH\ DOVR SURYLGH
D TXDQWLWDWLYH JURXQG IRU IXWXUH LPSURYHPHQW RI WKH SK\VLFV
PRGHOLQJ DQG WKH VRIWZDUH GHYHORSPHQW SURFHVV LQ *HDQW�
HOHFWURPDJQHWLF SK\VLFV GRPDLQ�
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%DFNVFDWWHUHG HOHFWURQV SOD\ DQ LPSRUWDQW UROH LQ YDULRXV H[�
SHULPHQWDO DSSOLFDWLRQV� VXFK DV VFDQQLQJ HOHFWURQ PLFURVFRS\�
HOHFWURQ SUREH PLFURDQDO\VLV� $XJHU HOHFWURQ VSHFWURVFRS\� DV
ZHOO DV LQ UDGLRELRORJ\� 0RUH LQ JHQHUDO� EDFNVFDWWHULQJ DIIHFWV
WKH VSDWLDO SDWWHUQ RI WKH HQHUJ\ GHSRVLWHG E\ HOHFWURQV LQ WKH
PHGLXP WKH\ LQWHUDFW ZLWK�

��������� � ���� ,(((� 7UDQVODWLRQV DQG FRQWHQW PLQLQJ DUH SHUPLWWHG IRU DFDGHPLF UHVHDUFK RQO\� 3HUVRQDO XVH LV DOVR SHUPLWWHG� EXW UHSXEOLFDWLRQ�
UHGLVWULEXWLRQ UHTXLUHV ,((( SHUPLVVLRQ� 6HH KWWS���ZZZ�LHHH�RUJ�SXEOLFDWLRQVBVWDQGDUGV�SXEOLFDWLRQV�ULJKWV�LQGH[�KWPO IRU PRUH LQIRUPDWLRQ�


