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Outline

« Geant4 Web Application:
http://g4validation.fhal.qgov:8080/G4WebAppNG/

« User editing interface
* Experimental Data Browser improvements
« Database schema extension
« Geant4 Simulation:
* Plon-matter Cross section (Xs) tests
« Simulation and experimental data comparison
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http://g4validation.fnal.gov:8080/G4WebAppNG/

What is Geant4?

* Open-source toolkit for all particle interactions in matter
« Contains physics models for these interactions
— Energy scale from eV (chemistry) to TeV (high energy physics)

* Important for high energy physics, nuclear and accelerator
physics, and studies in medical and space science.

« Constantly checked against experimental data and improved

A small group of randomized cells
in Geant4 being irradiated by
kilovoltage x-rays in the current
work at the University of Adelaide
in South Australia.

M Douglass et al.
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Geant4 Validation Repository Framework
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Stores both in form abstract interface to
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' Geant 4 validation web af

# Home # Geant 4 Collaborators & Geant 4 Administrator ' Release Highlights ' GEANT4

Left

Exp. data browser

Test result browser

Display Statistics
Display test
Database Statistics

Display references

1

Welcome to the GEANT4 validation web application the

Introduction

The Geant4 collaboration regularly performs validation
compared to data obtained by various HEP experimen
have organized the materials in one central repository
select and overlay compatible data, e.g. to compare th
plot.

Please make your selection from the menu on the left.
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Reference Description
J. F. Dicello and G. Igo, Phy. Rev. C Vol.2 Number 2 (1979) Proton total reaction cross sections in the 10-20MeVic range: Ca and C

Targets - Reactions - Beam - Beam Energies - Secondaries - sig[mb] vs Ekin{MeVic) -

Display plot: Yes Logarithmic Y-Axis: No Display Errors: Yes

Display data table: Yes Revert to default selections: Default Plot

Make your selections from the menus above and press Submit

Submit

sig[mb]
(4]
8

0 1 2 3 4 5 & 7 &8 & 10 11 12 13 14 15 18 17 18 18 20 21 22
Ekin{Me\ic)

-# Experimental data: beam on target-= X Target: © Secondary: X
-# Experimental data: beam on target-= X Target: Ca Secondary: X




Web Application Development

« Java development using open-source PrimeFaces library
— Webpage HTML user interface
* Requested features from my work:
— Protect against malformed user inputs
— Staged delete
— Default display
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http://www.primefaces.org/showcase/index.xhtml

Edit Test — Masked/Dictionary Entries

e e i i s n e e i nna

Reference Description

Franz et al, Nuclear Physics AS10 (1990} 774-802 EIESLI.\IILRT?_'N—INDUCED PRODUCTION OF PROTCOMNS, DEUTERONS AND TRITONS ON COPPER AND

The menus below allow to edit the selected test. Press the submit button to commit the changes to the data base.

Required information specific to the selected test:

Geant4 Version: e
abils

Observable: differential cross sed
Reaction: n [542 MeV]+ Cu -> d j_idt49:j_idt68: Validation Error: Length is
Secondary’ d greater than allowable maximum of "20°
Status: public M |_idt49:) idtes: Validation Error: Length'is
Beam: internal | | greater than allowable maximum of "20
Beam Energy: private  © b
public = -
Beam Momentum:
temporary -
Target: e LWL L LW L Ll -
Score: passed ¥
Scoretype: expert
Optional information (TAGS) provided:
Name Value
last-medified 2015-03-1911:30:28
Model Bertini,BIC, INCLXX -
JE :
3¢ Fermilab
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Reference Description

NEUTRON-INDUCED PRODUCTION OF PROTONS, DEUTERONS

Franz et al., Nuclear Physics AS10 (1980) 774-802 AND TRITONS ON COPPER AND BISMUTH

Targets Reactions = Beam Beam Energies Secondaries - d¥sigma/d#OmegadT [#mubdsr MeW] vs T/[MeV] -
display Plot: Yes logarithmic Y-Axis: No display Errors: Yes
display data table: No revert to default selection:  Default Plot

Make your selections from the menus above and press Submit

Submit

1,000 ||
g00
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400

300 ||

d#sigmaid#OomegadT [#Fmublsr Mev]

200 ||

100 |

—m
8] 20 40 G0 80 100 120 140 180 180 200 220 240 280 280 300 320 340 380 380 400 420 4490
TiMeW]

#- Experimental data: n [542 MeV]+ Cu-= p @ 54 degree Target: Cu Secondary: protan
-&- Experimental data: n [477 MeV]+ Cu-= p @ 54 degree Target: Cu Secondary: protan
Experimental data: n [425 MeV]+ Cu-= p @ 54 degree Target: Cu Secondary: protan
Experimental data: n [383 MeV]+ Cu-=p @ 54 degree Target: Cu Secondary: protan

Evrmarimantal data: n 1247 MaWl+ Toos n @ RA daarco Tarnat & Qarandane nraton
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Geant4 Simulation Development

« Simulations run will be put into Geant4 database
— Using Python and ROQOT scripts to automate data generation

« User will see data in web application test result browser
« Geant4 simulations compared to experimental data

— Looked at pion interactions in matter

— Useful for experiments like LARIAT for detector response and
measurement results validation
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Experimental Data Browser

Click on the name in the left column to select the Experiment:

Name
Madey et al.

Allardyce et al.

Friedman et al.

R. Madey et al,, Phys. Rev. C 25, 3050-3067 (1232)
B. Allerdyce et al., Muclear Physics A209(1973) 1-51

E. Friedman et al,, Phys. Rev. C 55, 1304 (1997

References

Meutrens frem nuclear capture of negative picns
Pion Reaction Cross Sections and Muclear Sizes

K+ nucleus reacticn and total cross sections: New analysis of transmission experiments

Schumacher et al. R.Schumacher et al,, Phys.Rev. C25, 2269 (1982) Cu(y,p)* reaction at Ey=150 and 300 MeV
Baba et al. K. Baba et al., Mucl Phys. A306, 292 (1978) CQuasi-free pion photoproduction from carben above 300 MeV
) . . Measurements of Cross Sections and Charged Pion Spectra in Preton-Carben
NAG1 MN.Abgrall et al., Phys.Rev. C84, 034604 (2011) (NAB1 Exp.) Interactions at 31 Gevic
P.Singer P.Singer, Springer Tracts in Medern Physics, 71, 39 (1974) Emission of particles following muon capture in intermediate and heavy nuclei
= =http \ i ( W
NA4D d':tgﬁgt_falﬁp"' B Analysis of soft hadronic interactions at the SPS by the NA49 pp&pA group is presented.
Saunders Saunders et al, Phys. Rev. C Vol53 Number 4 (1996) Reaction and total cross sections for low energy pi+ and pi- on isospin Zero nuclei
Basricn ot =l O 0 & 1 Ol (= ACQ A0 4 AC T 3 AT L El 1 Tomhaml P A Fa 0o a Lol il P W ]
McGill McGi et al. Phys. Rev. C Vol 10 Mumber & [1974) Lu'laﬁj:ﬂ_fments of the proton total reaction cross section for light nuclei between 20 and
Gelderloos Gelderioos et al. Phys Rev C 62, 024612 (2000) Reaction and total cross sections for 400 — 500 MeV pi minus an nuclei
Auce A Auce, Phys. Rev C71, 064606 (2005) E‘Zia?:m cross sections for protons on C, Ca, Zr, and Pb at energies between 80-180
Shibata et al Shibata et al. Muclear Physics A408 (1983) 525-558 g;r\?cle prodeution in the target-rapidity region from hadron-nucleus reactions at several
BV
) ) ) NEUTROM-INDUCED PRODUCTION OF PROTOMNS, DEUTERCNS AND TRITONS
Franz et al. Franz et al., Muclear Physics AS10 (1990) 774-802 0N COPPER AMD BISMUTH
. . AMALYSES OF PARTICLE PRODUCTION IN HADROM-MUCLEUS REACTIONS AT
Envyo etal. b AL RS SEVERAL GeV WITH & TWO-MOVING-SOURCE MODEL
Dicello J. F. Dicello and G. Igo, Phy. Rev. C Vol.2 Mumber 2 (1979} Proton total reaction cross sections in the 10-20MeVic range: Ca and C
Clough et al. A 5. Clough et al., Nuclear Physics B76 (1974) Pion-nucleus total cross sections from 88 to 860 MeV

Sundelin et al.

11

R.M.Sundelin et. AL, Phys. Rev Lett., Vol 20, Humber 21, 11
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Spectrum of Meutrons from Muon Capture in Silicon, Sulfur, and Calcium
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Geant4 Event Simulation

N +Njp, A Particles
Noo  Npssed _ Otot from
mnc (0]
nuclear
reaction
Incident (N. )
particles
(Ninc) -
— Elastically
F scattered
- particles
(Nel)
Target of Atomic number(A),
thickness (s), and density (d)
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7 elastic Xs ' elastic Xs
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All simulations done with G4 Version 10.01.p02
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All simulations done with G4 Version 10.01.p02
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Geant4 total cross section simulation vs. data (Ashery)
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C1*(atomic mass)*C2

total cross section fit results

Geant4
C2=0.67 +/- .01

Experimental data
C2 =0.70+/- .008

Close to expected C2 = 0.66

2= Fermilab
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Conclusion

17

PostgreSQL database development

Programming with Java and HTML and modern web
application framework

Simulation automation with Python and Root
Cross-section experimental procedure
Experimental physics versus simulation

Rasheed Auguste, Geant4 SIST Final Presentation 8/04/2015
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BACKUP SLIDES

« Geant4 Dicello et al. Display table
« Database schema implementation
« Total cross section plot
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o 1 2 3 4 5 5] 7 =] 2] 10 11 12 13 14 15 16 7 18 19 20 21 22

Ekin{Me\ic)
-=- Experimental data: beam on target-= X Target: C Secondary: X
-8 Experimental data: beam on target-= X Target. Ca Secondary. X
Decription Data Table

Reaction: beam on target -= X Edniitcyic) =L sig[mb] =T

Target: C 9.88 0.0 195.0 47.0

Beam: p

Beam Energy: 10-20 [Me\ic] 102 0.0 181.0 53.0

Secondary: X 10.4 0.0 434.0 58.0
10.72 0.0 318.0 61.0
13.51 0.0 207.0 320
1377 0.0 3a0.0 430
14.54 0.0 324.0 42.0
1479 0.0 2350 40.0
17.41 0.0 343.0 240
19.48 0.0 401.0 240

Reaction: beam on target -= X Eanicic) = sig[mb] =y

Target: Ca 10.34 0.0 505.0 59.0

Beam: p

Beam Energy: 10-20 [Me\ic] 11.38 0.0 736.0 54.0

Secondary: X 12.42 0.0 717.0 83.0
12.42 0.0 742.0 67.0
13.45 0.0 231.0 45.0
13.46 0.0 953.0 50.0
13.97 0.0 8330 440
14.48 0.0 846.0 440
14.97 0.0 920.0 42.0
15.51 0.0 822.0 47.0
16.49 0.0 766.0 47.0
17.51 0.0 765.0 350
18.54 0.0 850.0 320
18.55 0.0 821.0 350
2057 0.0 806.0 340
21.59 0.0 851.0 350
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Default Display — Extension of Database Schema

wyexpodata
& WTEGER testdes
i HTEGER > Ao B TEGER
target CHARACTER VARYING| S0} name CHARACTER WARYIN G50}
reacion CHARMTER VARYING| 100) resp CHARACTER WARYIMNG] 50}
aches CHARACTER VARYING] S0} expdes desoription  TEXT
yebes CHARACTER VARYING| S0} S 2 — Wit CHARACTER WARYINGST)
x REA] eprame  CHARACTER VARYING|S])
¥ REA firks INTEGER]) refs
TR REAL]
=1 “TE'GIHI] —— éﬂ“ id MHTEGER
Ty REAL] canmed  CHARACTER VARYHME] i WTECER -
e CHARACTER VARYING| 20} _
sy CHARMACTER VARYING{20) £ TER VARYINGI20)
B e CHARACTER VARYIMG20) ¥
macoridary CHARMCTER{20}
mass INTEGER
enchesiod N TEGER —

Replace xyexpdata elements (i.e. nameofexperiment) with reference to
unique experiment description table (expdes)

Experimental data relates to simulated data (testdes) so that they both can
be overlaid
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n total Xs ' total Xs
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