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FLUKA: generalities

-

FLUKA
Authors: A. Fasso!, A. Ferrari¥, J. Ranft*, P.R. Sala”

Interaction and

Transport) MonteCarlo code

Hadrons, leptons, (incl. v), photons, heavy ions, low energy neutrons

from thermal or few keV to cosmic ray energies

e Each component is treated as far as possible with the same accuracy
single run, without intermediate steps.

e FLUKA can be run in fully

interaction models reproduce internal correlations.

e All components in a

e |t can also be run in

analog. mode. Its microscopic

biased

mode

e lon interactions based on DPMJET-III'(New!!) and a considerably
improved version of rQMD-2.4?

1S Roesler, R,Engel, J.Ranft, Proc. MC2000 Conf., 1033, Springer-Verlag (2001) http://www.ﬂuka.org
2PRC52 3291 (1995), Ann. Phys. 192 266 (1989), NPA498 567c¢ (1989)
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FLUKA ToPics

Descriptions of FLUKA models and extensive benchmarking can be
found in the literature (see the web page)
A few recent, (ion-related) developments will be presented here

e Physics: Electromagnetic Dissociation and several fragmentation
benchmarks
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Electromagnetic Dissociation

(- )

Electromagnetic dissociation: op)s increasingly large with (target) Z's and energy.

Already relevant for few GeV/n ions on heavy targets (opy =~ 1bvs o, =~ 5 b for
1 GeV/n Fe on Pb)

dw
O1y = /UnAl(w>07A2(w)a nA1(w> X Zl2

A, Ay
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10.6A GeV Au on Al- FLUKA

10.6A GeV Au on Pb- FLUKA

10 20 30 40 50 60 70 80Z

Fragment charge cross sections for 10.6 AGeV Au ions
on Aluminium and Lead. Data (symbols) from PRC52,
334 (1995), histos are FLUKA (with DPMJET-III) pre-
dictions: the hatched histo is the electromagnetic dis-

sociation contribution
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Fragment charge cross sections for 158 AGeV Pb ions
on various targets. Data (symbols) from NPA662, 207
(2000), NPA707, 513 (2002) (blue circles) and from
C. Scheidenberger et al PRC, in press (red squares),
histos are FLUKA (with DPMJET-III) predictions: the
dashed histo is the electromagnetic dissociation contri-
bution
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FLUKA - fragmentation results
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FLUKA - fragmentation of therapeutic beams

é Experiment:
e 2C, N and 50 at ~ 675 AMeV

Simulation:

e 25.5 cm long water phantom
®

Preliminary results
Work in progress for better validation of FLUKA:

e Production rate of Z < 4

e (Final goal) Prediction of 5% emitting nuclei generated during the irradiation for

in-situ treatment plan verification by means of PET

.
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1 GeV /n Fe ions

Simulated setups:
e “Ideal case”: infinite uniform and parallel 1 GeV/n Fe beam, spectra, doses and
LET's per unit fluence

— 1 GeV/n Fe ions with 2 MeV/n FWHM, 5 mrad divergence, 7 cm radius and

intensity 85% at R=7 cm, or
— ... 1 GeV/n Fe ion pencil beam
— Si detectors (3 or 5 mm thick) in the positions indicated by J. Miller

obtaining:
e Fragment spectra
e Energy deposition (dose)
e LET-derived dose Dy = fdL - L-n(L)/cos(0)
e Track-average LET Ly =/dL-L- f(L)
e Dose-average LET Lp = sdL-L*- f(L)/Ly

e Energy deposition spectra in Si

, Paris, July 20th, 2004
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FLUKA -1 GeV/n Fe “perfect beam” on PMMA
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Left: absorbed dose as a function of depth in PMMA (“true” and as derived from the
charged particle LET)
Right: uncollided (“primary”) and Z=26 ion survival in PMMA
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FLUKA - 1 GeV/n Fe “perfect beam” on Al
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FLUKA -1 GeV/n Fe “perfect beam” on Pb
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Left: absorbed dose as a function of depth in Lead (“true”x1.86 and as derived from
the charged particle LET)
Right: uncollided (“primary”) and Z=26 ion survival in Lead
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FLUKA -1 GeV/n Fe beam parameters - PMMA
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1 GeV/n, “real” target, a la Marco
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FLUKA -1 GeV/n Fe “perfect beam” on PMMA
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Left: fragment spectra as a function of depth in PMMA (nuclei only, 3° cone)

Right: fragment spectra at 19 g/cm? in PMMA for all charged, nuclei only,
and with or without a 3° cut
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FLUKA - 1 GeV/n Fe “perfect beam” on Al
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FLUKA -1 GeV/n Fe “perfect beam” on Pb
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Right: fragment spectra at 27.2 g/cm? in Lead for all charged, nuclei only,
and with or without a 3° cut
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FLUKA -1 GeV/n Fe “perfect beam” on PMMA
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to a 3? cone, with and w/o a cut corresponding to electron elimination)
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FLUKA -1 GeV/n
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beam” on Al
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FLUKA -1 GeV/n Fe “perfect beam” on Pb
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FLUKA -1 GeV/n Fe, “real” cases
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FLUKA -1 GeV/n Fe, “real” cases

Track-average LET Dose-average LET
Det. (keV/pum) (keV/pm)
1 [51]6.6 51|45 1611162 178|174
2 153169 b1 |47 1671169 184|182
3 9812 58 | 45 1771178 195|190
4 | 88|13 61|47 186 | 187 208 | 202

Various estimations of Track-average LET and Dose-average LET at silicon detector
level for the 23 g/cm? case (Note that the beam is 1 GeV/n, not 1.05!!)

e From (all) particle counting

e From (nuclei only) particle counting

e From Si en. dep., 45° “strict” cut among all dets

e From Si en. dep., 45° “strict” cut among 1-2 or 3-4

, Paris, July 20th, 2004
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Conclusions

(" ¢ FLUKA: new /improved ion capabilities
e Good results against fragmentation data over a wide energy range
e First applications for therapy beams

e 1 GeV/n Fe ions: several quantities reported in ideal and “close” to experiment
conditions

— (Relative) contribution of light ions highly sensitive to beam /target/detector

geometry

This work was partially supported under:
e NASA Grants: NAG8-1658 and NAG8-1901

e ASI Contract |/R/320/02
e European Union contract no. FI6R-CT-2003-508842, "RISC-RAD"
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1.05 GeV/n Fe, 2 MeV/n FWHM “perfect beam” on PMMA
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Left: track-average LET as a function of depth in PMMA (“true”, nuclei only, restricted
to a 3? cone, with and w/o a cut corresponding to electron elimination)

Right: dose-average LET as a function of depth in PMMA (“true”, with and w/o a cut
roughly corresponding to electron elimination, nuclei only with and w/o a 3°
cone restriction)

_J

, Paris, July 20th, 2004 26



1.05 GeV/n Fe, 2 MeV/n FWHM

“Perfect beam” on PMMA
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Left: fragment spectra as a function of depth in PMMA (nuclei only, 3° cone)

Right: fragment spectra at 19 g/cm? in PMMA for all charged, nuclei only,
and with or without a 3° cut
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1.05 GeV/n Fe, 2 MeV/n FWHM “perfect beam” on PMMA
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Left: track-average LET as a function of depth in PMMA (“true”, nuclei only, restricted
to a 3? cone, with and w/o a cut corresponding to electron elimination)

Right: dose-average LET as a function of depth in PMMA (“true”, with and w/o a cut
roughly corresponding to electron elimination, nuclei only with and w/o a 3°
cone restriction)
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1 GeV/n Fe “perfect beam” on PMMA, no interactions
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Left: absorbed dose as a function of depth in PMMA (“true” and as derived from the

charged particle LET)

Right: uncollided (“primary”) and Z=26 ion survival in PMMA
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1 GeV/n Fe “perfect beam” on PMMA, no interactions
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Left: track-average LET as a function of depth in PMMA (“true”, nuclei only, restricted
to a 3? cone, with and w/o a cut corresponding to electron elimination)

Right: dose-average LET as a function of depth in PMMA (“true”, with and w/o a cut
roughly corresponding to electron elimination, nuclei only with and w/o a 3°
cone restriction)
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Therapeutic beam (430 MeV/n) “C
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