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Preliminaries
(Relevance |Purposes|Tasks)

Relevance

In the coming decades, many space missions are planned, including some with human
participation and some without. Despite the differences in their goals, each mission faces
the challenge of cosmic radiation. This radiation can cause various types of breakdowns,
from single event effects in microcontrollers to breaks in the DNA chain. As we know,
developing these missions is costly and time-consuming, so it is essential to assess the risks
to both human life and technology in space projects.

Purposes Tasks

| Create new DNA-model of l. Develop test-ground using Geant4
ionization losses [I.  Develop model of ionization losses based

on «physical» charge

Il. Validation modeling Geant4 . Test physical configuration:
data using ICRU90 DNA and EM Standard Physics
IV.  Realize python-script for visualization
data
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Preliminaries: Why the water?

A cell is composed of approximately
60-80% water

If we can model the interaction between ionizing
radiation and water, we can also effectively simulate
medical procedures & cosmic missions

For example,
effects of Van Allen radiation belts or
galactic cosmic radiation on cells
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Preliminaries: Geant4-application
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«Test-ground for lon ranges: The water sphere & Incoming particle»
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What is_@@@@é@}?" e

-

= -Geant4 is Monte-Carlo toolkit
for passage of the particles
through ~ matter simulation
(Last version; 11.3)

= Geantd provides modeling a -

both high energy physics
(astroparticles, accelerated
particles) and low energy
physics (DNA  breaks,
radiation effects) .
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" Yon need answer 1o three
question to create Geant4
application: |

'-What?. Where? HOW?
Particle.'Geometry. Models
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~ «Example of using Geant4 application»
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-~ What is@[hy@ﬁ@lﬁ@{t? -

= Physics List is a set of particles - k :

- and physical models which uses . i 4 +
" 1ONCIESEMESNEENEESSes relate to 0 - * I Ol S
"particles _' : o : _ - ’

> LIST

C
1e0)

* The eX|st|ng Physical ~ Lists: .
transportation; electromagnetic, «
decay, hadronlc(elastlc/lnelastlc)
lists etc.

= Standard EM & DNA are lists that -~ G4|Em|5tanda_rc4PhySlCS.LlSt*_OPUO”%
uses to ‘modeling — .
eIectromagnetlc process but at j ' '
various energies and geometry
scales
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Condensed-history approdch = Standard EM
Detailed-track structure approach = DNA

= Option is’ the confi ur”étlon of o
‘the specn‘lc Physmal

- “G4” — Geant4
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.‘.'ElVfI PMics Lists: Standard 11.3

. G4EmStandardPhyS|csL|st uses for simulation of high energy partlcles
- which participate in eIectromagnetlc interaction
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= Standard EM Phy5|cs List con5|st

of models: = - >
1) GaBetheBlochModdl | ¢ - High-energy :
= default high-energy model for heavy partlcles o
2) G4lindhardSorensenModel | i MODELS o

using for ions Z > 2
using: ICRU73 & ICRU90

3) . G4BraggModel

& for protons backup for all ions, : : . e
effective charge for ions & s

using: ICRU90 & PSTAR ' _ 3y
09%4) | 4B‘ragg/onModel o | " Y T . ,‘f;-.

for alpha particles ;
using: ICRU90 & ASTAR
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“EM Physics ListS:@N& 11.3

= DNA Physics list uses to modeling = .|t consist from mod.els:

low-ener articles based on .
gy P 1) G4DNABornlonisationModel

Detailed-Track structure approach Fo e .

= Main configur.ationsI 2) S4DNARPWBA/onlsat/onModel »

. _ [ _ _ or protons : >
option 2 (precisest) = - &

. ; : ’—|—\3) G4DNARuddlonisationExtendedModel -

- . option 4 (worst) . oS - 5
option 6 (CPA100-models) - T
option 8 (dynam/'c Charge) o = 4) fGo4llfDi(/)\i}%l/?udd/on/saz‘/onDyncz,m/c/\ﬂode/ (; \:

Particle o | Co
Energy S ey
SIXU

Protons Alpha-type Other lons
E< 0.5 MeV/u Rudd model

_— 0.5 < £ < 100 MeV/u Born model Rudd model
| 100 < E < 300 MeV/u RPWA model

E > 300 MeV/u Standard models
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Rudd lon models 11.3

= Rudd model (vucl. Track Rad: -Meas. 16 (1988) 219) provides sampling of

“electron emission in proton or electron co|||5|on with water
molecule

= Three flavors of the model:

1. GADNARuddlonisationModel — DNA Optioh #4
(The effectlve charge) : .

2. G4DNARuddIomsatlonExtendedI\/lodeI DNA Option #2
(The effective charge) &

3. G4DNARuddIon|sat|onDynam|c|\/Iode| DNA Option #8 -
(The dynamlc cfharge = charge exchange with the media)
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Geant4 VS ICRU90: Detour factor

Comparison ICRU90 Detour factor 1) which depends on Initial energy  with different EM option Geant4 data for proton

Detour factor is the ratio of the
penetration depth to the actual
path length

. - radius
Detour factor = —— :
B - -length - ‘




Geant4 VS ICRU90: Detour factor

Comparison ICRU90 Detour factor D which depends on Initial energy E with different EM option Geant4 data for proton

ICRU90 error
ICRU90

DNA Opt2:

RMSE=0.30658

DNA Opt4:

RMSE=0.29331

DNA Opt8:

RMSE=0.31351

1.50 - Standard Opt0 (cut=1 mm):
RMSE=inf

Standard Opt0 (cut=1 nm):
RMSE=inf

Standard Opt0 (cut=1 um):
.25 RMSE=inf

Standard Opt4 (cut=1 mm): |
RMSE=inf A
Standard Opt4 (cut=1 nm): \
RMSE=inf

Standard Opt4 (cut=1 um):
RMSE=inf

length

radius

.00 1

Detour factor D =

T T T
107 102 101 10° 10! 10% 10°
Initial kinetic energy F, [MeV]
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Geant4 VS ICRU90: Detour factor

Comparison ICRU90 Detour factor 2 which depends on Initial energy F with different EM option Geant4 data for alpha-particle

radius
length

ICRU90 error
=== |CRU%0

DNA Opt2:
RMSE=0.44518

DNA Optd:
RMSE=1.45470

DNA Opt8:
RMSE=0.44334
Standard Opt0 (cut=1
RMSE=inf

Standard Opt0 (cut=1
RMSE=1.78288
Standard Opt0 (cut=1
RMSE=inf

Standard Optd (cut=1
RMSE=inf

Standard Opt4 (cut=1
RMSE=0.20339

Standard Opt4 (cut=1
RMSE=inf
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Geant4 VS ICRU90: Range.

v

A Opts:
&= RSE-0 31351

n=1

n=1- e

Deviation: ICRU0 vs Geantd:

Initial energy £ of alpha-particle, [MeV]

T T T e

0.04

Initial energy I of proton, [MeV]
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Range = p - length
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Erro ICRUSD dats
DN Op2

—o= RUSED 30658
DN Op:
RMSE 029331

ONA Opt:
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o0
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Error of ICRUS0

DNA Opt2:
RMSE=0.30658

DNA Opt4:

RMSE=0.29331

DNA Opt8:

RMSE=0.31351

Standard Opt0 (cut=1 mm):
RMSE=inf

Standard Opt0 (cut=1 nm):
RMSE=inf

Standard Opt0 (cut=1 um):
RMSE=inf

Standard Opt4 (cut=1 mm):
RMSE=inf

Standard Opt4 (cut=1 nm):
RMSE=inf

Standard Opt4 (cut=1 um):
RMSE=inf
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Initial energy E of proton, [MeV]

ICRU90 vs Geant4:

Deviation:

p=1-t

0.0

—05

Deviation: ICRU0 vs Geantd

Deviation: ICRU90 vs Geant4

-

oA ops.
RMSE 1 0090340
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Error ICRUS0 data
DNA Opt2:

RMSE=0.30658
DNA Optd:
RMSE=0.29331
DNA Opt8:

RMSE=0.31351

Standard Opt0 (cut=1 mm):

RMSE=inf
g Standard Opto (cut=1 nm):
RMSE=inf

Standard Opt0 (cut=1 um)
RMSE=inf

Standard Opt4 (cut=1 mm)
RMSE =inf

. Standard Optd (cut=1 nm):
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Standard Opt4 (cut=1 um):
RMSE=inf
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Geant4 VS ICRU90: Range
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ICRU90 vs Geant4:

Deviation:

Deviation: ICRU90 vs Gea
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Calculation time,

DNA Opt2
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Calculation time, ¢
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Summary time: 2245 s;
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Summary time: 21504 s;
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Initial energy, E [MeV]

Calulcation time dependence ¢ from initial energy E of electron
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Calulcation time dependence t from initial energy E of proton
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DNA Opt4:
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Summary time: 2188204.0 s;

Standard Opt0 (cut=1 mm):
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Summary time: 43.6 s;
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Summary time: 43.2 s;
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Standard Opt4 (cut=1 um):
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-~ Geant4 VS ICRU90: Cormp

Calculation time, ¢ [s]
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Geantd VS ICRU90: SKIE Cyberta

- «Director of the TSU SKIF Cyberia
_ Supercomputing Center
demonstrates new equipment for
_Vladimir Ivanchenko»
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f: | BWhaythewater?

2 BGeand=application
w

= New ionization losses model was developed:
it uses “dynamic charge” concept (G4DNARuddlonisationDynamicModel.cc)

= Geant4 EM Physics Lists (Standard & DNA) validation was performed based
on the result of ICRU90 review:

- Proton

1)  Detourfactorisn’t described by EM Standard Physics Lists up to 1 MeV
2) DNAOpt4is the best for Range
3)  DNA Opt2 is the fastest option

| What is Geant4?

| BWhatis Physics List?

'\ EM Standard 11.3

; DNA 11.3

' Rudd lon models 11.3

=
)
=
1)
=
)
>
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Y,
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Part
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' What is ICRU90?

- Alpha-particle 4
1)  Detourfactorisn’t described by EM Standard Physics Lists up to 1 MeV g DEOURICICO
2) EM Standard Opt4 (cut = 1 nm) is the best for Range among All Physics Lists = ] Relize .
3) DNAOpt2 & DNA Opt8 are the best for Range among DNA Physics Lists s | Cemarationtine
4)  DNA Opt8 is the fastest option among DNA Physics Lists L7 Cybena

- Carbon

1) DNAOpt2 & DNA Opt8 are the best for Range
2) DNAOpt8is the fastest option among DNA Physics Lists

- Electron
1) DNAOpt6is the best for Range
2)  DNAOpt2 is the fastest option <) | General conclusion

' | New plans

@ matvey.vologzhin@mail.ru



New plans

= Developing new G4Chargelncrease.cc and G4ChargeDecrease.cc
classes for heavy ions. For example: B10, C12, Fe56 etc.

= Developing new methods to use Chemistry Lists for modeling alpha-
particles using EM Standard Option 4 — It provides possibility to

modeling brachytherapy, targeted alpha-therapy much faster than any
DNA Physics Lists
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Thank you for your attention!
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