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Aging

@ Our Monte Carlo codes are getting old

@ (Monte Carlo) simulation gets more and
more popular in experimental practice
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Revisiting old successes

2007 IEEE Nuclear Science Symposium Conference Record N36-4

Best Student paper, IEEE NSS 2007
Validation of Geant4 low energy physics

models against electron energy
deposition and backscattering data

Anton Lechner, Student Member, IEEE, Maria Grazia Pia and Manju Sudhakar

398 T N S , 2 O O 9 IEEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 56, NO. 2, APRIL 2009

Validation of Geant4 Low Energy Electromagnetic
Processes Against Precision Measurements of
Electron Energy Deposition

Anton Lechner, Maria Grazia Pia, and Manju Sudhakar

How does it look like a few years later?

Maria Grazia Pia, INFN Genova



PROCEEDINGS

OF SCIENCE

V. lvanchenko et al., Recent Progress of Geant4

XIl Advanced Computing and Analysis Techniques in
Physics Research, Erice, Italy, 3-7 November 2008

Progress in NUCLEAR SCIENCE and TECHNOLOGY, Vol. 2, pp.898-903 (2011)
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Recenn Geant4 Electromagnetic Physics Models and Interfaces
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Negative im

provements
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Validation of Geant4 Simulation of Electron
Energy Deposition

Matej Bati¢, Gabriela Hoff, Maria Grazia Pia, Paolo Saracco, and Georg Weidenspointner
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Target zZ E angle Geant4 version
(kev)  (degrees) 9.1 9.2 9.3 9.4 9.5 9.6

Be 4 58 0 0.071 0.014 0.124 0.311 0.149 0.156
Be 4 109 0 0.021 < 0.001 <0.001 <0.001 0.015 0.013
Be 4 314 0 0.015 0.764 < 0.001 < 0.001 0.013 0.014
Be 4 521 0 0.092 0.967 < 0.001 < 0.001 0.832 0.793
Be 4 1033 0 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
C 6 1000 0 0.917 0.994 < 0.001 < 0.001 0.290 0.346
Al 13 314 0 0.182 < 0.001 <0.001 <0.001 0.004 0.007
Al 13 521 0 0.574 < 0.001 <0.001 <o0.001 0.091 0.089
Al 13 1033 0 0.484 0.123 < 0.001 <0.001 <0.001 <0.001
Al 13 314 60 0.396 0.596 < 0.001 < 0.001 0.001 0.002
Al 13 521 60 0.137 0.011 0.001 < 0.001 0.056 0.086
Al 13 1033 60 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Fe 26 300 0 0.832 < 0.001 0.351 0.741 0.787 0.742
Fe 26 500 0 0.055 < 0.001 0.314 0.003 0.814 0.808
Fe 26 1000 0 < 0.001 < 0.001 0.169 0.003 < 0.001 < 0.001
Cu 29 300 0 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Cu 29 500 0 < 0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Mo 42 100 0 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Mo 42 300 0 0.062 < 0.001 0.001 < 0.001 0.008 0.002
Mo 42 500 0 0.020 < 0.001 < 0.001 0.001 0.128 0.115
Mo 42 1000 0 < 0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Mo 42 300 60 0.023 0.002 0.049 0.043 0.029 0.022
Mo 42 500 60 0.022 < 0.001 0.011 0.006 0.003 0.007
Mo 42 1000 60 0.037 < 0.001 0.010 0.028 0.001 0.002
Ta 73 300 0 0.043 0.511 0.242 0.272 0.364 0.294
Ta 73 500 0 0.025 0.003 < 0.001 < 0.001 0.012 0.019
Ta 73 1000 0 0.030 < 0.001 <0.001 <0.001 0.002 0.001
Ta 73 500 60 0.011 0.003 0.040 0.042 0.010 0.007
Ta 73 1000 60 <0.001 <0.001 <0.001 <0.001 <0.001 <0.001
Ta 73 500 30 0.034 0.005 0.004 0.006 0.020 0.017




How to facilitate negative improvements

static const double hecorr{15] = {120.70, 117.50, 105.00, 92.92,
79.23, 74.510, 68.29, 57.39, 41.97, 36.14, 24.53, 10.21, -7.855,
-16.84, -22.30};

c¢1 = bg2lim*sig0[iZ]*(1.+hecorr[iZ]*(beta2-beta2lim))/bg2;

c2 = bg2lim*sig0[iZ+1]*(1.+hecorr[iZ+1]*(beta2-beta2lim))/bg2;
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What is bad may be good
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IEEE

Standard 1012

validation: (A) [...]
(B) The process of
providing evidence
that the system,
software, or hardware
and its associated
products satisfy
requirements
allocated to it at the
end of each life cycle
activity, solve the right
problem (e.g.,
correctly model
physical laws,
implement business
rules, and use the
proper system
assumptions), and
satisfy intended use
and user needs.
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¢ TREASURE HUNT

How good?

L[]

@ Hardly any systematic,
comprehensive, quantitative
validation of the “ingredients”
of Monte Carlo simulation codes

Is documented in the literature
Agreement
@ Comparison of simulation results Good agreement

and experimental data in use cases | Excellent agreement
mainly rests on visual appraisal of Satisfactory agreement
figures or indicators (%) deprived of P
any statistical relevance %

A
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D. Bote and F. Salvat, Calculations of inner-shell ionization
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Are these cross sections good?
Are they any better than
“F existing calculations?
ox Liu et al. [4]
1 b o Llovet et al. [65,66]—
. : ety
0 ORI . - .. W | Fraction of test cases that “pass” the 2 test
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) | Kshell 7| . Lshel , | . Mshell
x* test } {
Significance: a=0.01 2, YT \
p-value = a >Pass 5 o + G os £ o
p-value < a >Fail , + + *
Categorical | [ 150 e P-value
analysis Fisher 0.0098 0.0453 0.4283
EEDL-B/S Pearson 2 0.0076 0.0362

Barnard 0.0079 0.0383 0.3519

Maria Grazia Pia, INFN Genova Full paper in preparation 9



Positive improvements
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Monte Carlo simulation
as quantitative science

Supporting tools m)

Enabling quantitative validation of Monte Carlo codes

2056 IEEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 51, NO. 5, OCTOBER 2004

A Goodness-of-Fit Statistical Toolkit

G. A. P. Cirrone, S. Donadio, S. Guatelli, A. Mantero, B. Mascialino, S. Parlati, M. G. Pia, A. Pfeiffer, A. Ribon, and
P. Viarengo
3834 IEEE TRANSACTIONS ON NUCLEAR SCIENCE, VOL. 53, NO. 6, DECEMBER 2006

New Developments of the Goodness-of-Fit
Statistical Toolkit

Barbara Mascialino, Andreas Pfeiffer, Maria Grazia Pia, Alberto Ribon, and Paolo Viarengo

N45-8, Data Analysis with R in an Experimental Physics Environment
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Monte Carlo simulation
as a science i A

A collaborative effort across different

Monte Carlo codes for the validation of
the “bricks” would be beneficial to the experimental community

A paradigm shift Software

The scientific community needs a paradigm shift with re-

gard to validation experiments. Experimenters and fund- fOr ex perimen ts

ing agencies understand the value of experiments de-

signed to explore new scientific phenomena, test theories, Expe ri mentS
or examine the performance of design components. But few
appreciate the value of experi- f Oor SO f twa re

ments explicitly conducted for

code validation. fven when e |Computational Science Demands

perimenters are interested in val- h
idating a code, few mechanisms | q New Parachgm

exist for funding such an experi-

ment. It’s essential that the scien- | Douglass E. Post and Lawrence G. Votta

tific community provide support _
for code-validation experiments. January 2005  Physics Today 35
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