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radiation detector design - dosimetry - radiotherapy - ...

shigh-energy particles traveling through wmatter: suffer

interactions, transfer energy and produce new particles

. . . particle showers are formed
oMonte Carlo simulation:

erc)du,ces exact resulks buk: skakisktical uncertainkies''

large calculation CPU times!!

obetter precision and accuracy requires increasing the
number of simulated histories *
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oRussian roulette esplitting einteraction forcing
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Inkroduction @SFL&EMQ
a particle in a state (r, F/, &),
with weight wg, moving towards a Rol,
ekussian roulette is transformed in & > 1 particles,

in the same state, with weight w = wy/S
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a particle with weight wp, in the same state, with weight w = wy/S

moving away from the Rol,
is “killed” with probability I (0 < I < 1);
if it survives, its weight becomes w = wy /(1 — K)

elfCSﬂ' 3rd. ELICSIR Training School, Granada 24-26 October 2022



Inkroducktion Ay
esplitting

a particle in a state (r, F/, &),
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ekussian roulette is transformed in & > 1 particles,

a particle with weight wp, in the same state, with weight w = wgy /S

moving away from the Rol,
is “killed” with probability I (0 < IC < 1);
if it survives, its weight becomes w = wy /(1 — K)

e splitting:
reduces variance buk
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e Russitan roulette:

uncreases variance buk
reduces CPU kime

e'§c5¥r 3rd. ELICSIR Training School, Granada 24-26 October 2022



Inkroducktion Ay
esplitting

a particle in a state (r, F/, &),

with weight wg, moving towards a Rol,

ekussian roulette is transformed in & > 1 particles,

a particle with weight wp, in the same state, with weight w = wgy /S

moving away from the Rol,
is “killed” with probability I (0 < IC < 1);
if it survives, its weight becomes w = wy /(1 — K)

=usually used together o splitting:

reduces variance buk
may tnerease CPU Eime

e Russitan roulette:

nereases varianece buk
reduces CPU kime

e'§c5¥r 3rd. ELICSIR Training School, Granada 24-26 October 2022



Inkroducktion Ay
esplitting

a particle in a state (r, F/, &),

with weight wg, moving towards a Rol,

ekussian roulette is transformed in & > 1 particles,

a particle with weight wp, in the same state, with weight w = wy/S

moving away from the Rol,
is “killed” with probability I (0 < I < 1);
if it survives, its weight becomes w = wy /(1 — K)

=usually used together o splitting:

reduces variance buk

=i probt&ms with a well defined Rol moy increase CPU time

e Russitan roulette:

nereases varianece buk
reduces CPU kime

e|§CS§I' 3rd. ELICSIR Training School, Granada 24-26 October 2022



Inkroduction .
esplitting

a particle in a state (r, F/, a),

with weight wg, moving towards a Rol,
eRussiain roulette is transformed in & > 1 particles,

a particle with weight wp, in the same state, with weight w = wy/S

moving away from the Rol,
is “killed” with probability I (0 < I < 1);
if it survives, its weight becomes w = wy /(1 — K)

ﬂusuattv used together @SFLLERMS:

reduces variance buk

=i probi.ems with a well defined Rol moy increase CPU time

mfavor radiation flux toward the Rol
and inhibit radiation movin away
from it: used together save ?ﬁme increases variance but
computing wasted to track particles reduces CPU kime
not conbributing to the gquantities of
interest scored within the Rol

e Russitan roulette:
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Inkroduction .
esplitting

a particle in a state (r, F/, a),

with weight wg, moving towards a Rol,
eRussiain roulette is transformed in & > 1 particles,

a particle with weight wp, in the same state, with weight w = wy/S

moving away from the Rol,
is “killed” with probability I (0 < I < 1);
if it survives, its weight becomes w = wy /(1 — K)

-usuad.bj used together @SFLL&%£MQ:

: : e reduces variance but
=i prc;bi.ems with a well defined Rol may increase CPU time
mfavor radiation flux toward the Rol
and inhibik radiation moving awa
from it: used together save ?Lme increases variance but
computing wasted to track particles reduces CPU kime
not conbributing to the gquantities of

inkerest scored within the Rol

e Russitan roulette:

VRT effectiveness depends on:
e S and K values
e strategy used for splitting and killing
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ant colony algorithm: Implementation

~anks Look for food following random walks
~if food is found, anks come back to the nest
depositing pheromone

—ants tend to follow paths with the largest
level of pheromone

~the level of pheromone increases in the
optimal paths between nest and food
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ant colony algorithm: Implementation

—anks Look for food following random walkes
~if food is found, anks come back to the nest
depositing pheromone

“ants tend to follow paths with the largest
level |of pheromone

~the |[level of (pheromone’ increases in the

optimal paths bebween nels& and foo\
Rol

impar%awﬁe

am%vitlas
Fho&oms)

-Q Far%iate source and a Rol are defined
-the whole geometry is divided into virtual cells
~zach cell is ﬂk&f’&tgerizﬁd bj an ngar%amaa value
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—importance in o cell tells about Ethe Frobabua&j that o particle
passing through it reaches the ROI
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—importance in o cell tells about Ethe [aroba\bita&j that o particle
passing through it reaches the ROI

WC . sum of the weights of particles entering ¢-th cell
_ ZP and that reach the Rol (they or their descendants)
W.

» ™ sum of the weights of particles entering i-th cell

P;
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—importance in o cell tells about Ethe probo\bua&j that o particle
passing through it reaches the ROI

WC . sum of the weights of particles entering i-th cell
P, = ZP and that reach the Rol (they or their descendants)
W-
» ™ sum of the weights of particles entering i-th cell
T — ok importance
([ P(q) , ,
550) 5] it P(i) < P(0),
") e - PO
1) — . .
R0 ] it P(i) > P(0).

e"cs¥r 3rd. ELICSIR Training School, Granada 24-26 October 2022



—importance in o cell tells about Ethe probo\bua&j that o particle
passing through it reaches the ROI

WC . sum of the weights of particles entering ¢-th cell

P = and that reach the Rol (they or their descendants)
(/ WP
» ™ sum of the weights of particles entering i-th cell
T — ok importance

—once a particle enters a new ( _5 P(i) 5] L if PG) < P(0),
cell, VRTs are applied k= L R(0)
according the particle weight '7P(z') - P(O)] £ P& > P(0)
(W) and the cell importance | 1 —P0O) |’ |
(1
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—importance in o cell tells about Ethe proba\bua&j that o particle
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WC . sum of the weights of particles entering ¢-th cell
P, = ZP and that reach the Rol (they or their descendants)

W-

» ™ sum of the weights of particles entering i-th cell
T — ok importance

—once a particle enters a new ( _5 P(i) 5] L if PG) < P(0),
cell, VRTs are applied b — 4 L R(0)
according the particle weight '7P(7;) - P(O)] £ P& > P(0)
(W) and the cell importance | 1 —P0O) |’ |
(D

oif weIrl: splitting in wl particles with w'=1/I
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—importance in o cell tells about Ethe Prc}bo\bua&j that o particle
passing through it reaches the ROI

WC . sum of the weights of particles entering i-th cell

P = 't and that reach the Rol (they or their descendants)
(/ WP
» ™ sum of the weights of particles entering i-th cell
7 — ok importance

-~once a Fmr&i,t:te enters a new ( _5 P@) 5] L if P(i) < P(0),
cell, VRTs are applied k= < L)
according the particle weight '7P(7;) - P(O)] £ P& > P(0)
(W) and the cell importance | 1 —P0O) |’ '
(1

oif weIrl: splitting in wl particles with w'=1/I

oif welc<l: apply Rr with survival Frobabit&%y wiel;
if particles survives: w'z1/1
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—importance in o cell tells about Ethe Prc}bo\bua&j that o particle
passing through it reaches the ROI

WC . sum of the weights of particles entering i-th cell

P = 't and that reach the Rol (they or their descendants)
(/ WP
» ™ sum of the weights of particles entering i-th cell
7 — ok importance

-~once a Fmr&i,t:te enters a new ( _5 P@) 5] L if P(i) < P(0),
cell, VRTs are applied k= < L)
according the particle weight '7P(7;) - P(O)] £ P& > P(0)
(W) and the cell importance | 1 —P0O) |’ '
(1

oif weIrl: splitting in wl particles with w'=1/I

oif welc<l: apply Rr with survival Frobabit&%y wiel;
if particles survives: w'z1/1

oif weIz=l: do nothing
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MOSFET used as a ur-vivo dosimeber
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Resulks
MOSFET used as a ur-vivo dosimeber

source ~address khe Fassibiﬁ ahgular ciepehclence.
of the MOSFET response to irradiation

©

87

: ’ 1socenter

build-up cap 5 /
\ : l'

PCB

water phantom
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Resulks
MOSFET used as a ur-vivo dosimeber

source ~address khe Fsassibi.e ahgular ciepehclence
of the MOSFET response to irradiation

©

87

1
1
! .
1 ’
1 .
.

1 "
: ‘

.
! ’
1

build-up cap MM eIf Rol is restricted to Si0:
\ / ~the algorithm does not worlk !
/ ~because of the few wnumber of

po\r&mtes reaching the Rol,

ofilling the importance map to begin
o\pgtjing VRT takes a large CPU time
(1000 particles reaching the Rol)
eactualization of the importance
map is extremely slow and
uhcertainties remain huge

PCB

water phantom
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Resulks
MOSFET used as a ur-vivo dosimeber

source ~address khe Passibt& ahgular ciepehdence
of the MOSFET response to irradiation

©

build-up cap - Isocenter o If Rol is restricted bto Si0:
\ / ~the algorithm does not worlk !
~because of the few wnumber of

particles reaching the Rol,

ofilling the importance map to begin
apgtjing VRT takes a large CPU time
(1000 particles reaching the Rol)
sactualization of the importance
map is extremely slow and
uhcertainties remain huge

® OP&EMQL Rol:
~whole SiL die + S0z + ailr
-a gain factor ~70 to fill the
impor%av\@e nmap and “humain” CPU ktimes
to reach reasonable uncertainties

PCB

water phantom
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Resulks
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Resulks
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Resulks
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eConclusions

eVRTs allow simulating Prabl&ms with very low statistics
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eConclusions
oVRTs allow simulating problems with very Llow statistics

eThe ant colony algorithm developed allows the efficient
implementation of VRTs bv using the information scored
on importance maps and with a minimum intervention
of the user ... but details are relevant
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eConclusions
eVRTs allow simulating Prmbi&ms with very low statistics

eThe ant colony algorithm developed allows the efficient
implementation of VRTs bv using the information scored
on importance maps and with a minimum intervention
of the user ... but details are relevant

sApplications in other problems:
—clinical Linacs
~radiosurgery Eha&ovx beams (very small fields)
-specific absorbed fractions (huclear medicine)
~correction factors of small lonizakion chambers
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Variance reduckion techniques in Monte Carlo
simulabions: anks ab worlke!

S. Grarcla-~Pareja, A, M. Lallena




Some applications = 0@

Photon beams for radio surgery
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Some QEELmaﬁmms

Photon beams for radio surgery

~very narrow beams used for treatment
of small lesions nearby healthy tissues
that have to be preserved

-huge simulation CPU times!!
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Some QEELEﬁQ&EOMS
Photon beams for radio surgery

-~very harrow beams used for treatment
of small lesions nearby healthy tissues

target
that have ko be Presevved
F""E«““m’j/ -huge simulation CPU times!

collimator

fLakkenin
MOV\E&OT’ A %EJ.& er 9
Lonizakion - |
chamber

_~~ +—— mirror

. \jaws
radiosurger

CONLEA II
collimator
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Some aggtitaﬁiov\s

Photon beams for radio surgery

-~very harrow beams used for treatment
of small lesions nearby healthy tissues

target
that have to be preserved
primarj/' -huge simulation CPU times!

O LL&MO\EOT’ %LQEEQP\EV\S
iovxiz.gﬁov\ > |
champer —_— i

~ T MU _YRT applied to both
- - eleckrons and Pko&o&\s
\jaws [, =1(x,y,z, E,M) for electrons.
radiosurger I,=1(x,y,z,E,M,80,¢) for photons.
contcal
collimakor II
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Some aggtitaﬁiov\s

Photon beams for radio surgery

-~very harrow beams used for treatment
of small lesions nearby healthy tissues

target
that have to be preserved
primarj/' -huge simulation CPU times!

O LL&MO\EOT’ %LQEEQP\EV\S
iovxiz.gﬁov\ > |
champer —_— i

~ T MU _YRT applied to both
- - eleckrons and Pko&o&\s
\jaws [, =1(x,y,z, E,M) for electrons.
radiosurger I,=1(x,y,z,E,M,80,¢) for photons.
contcal
collimakor II

odirectional Bremsstrahlung splitting is needed
m&pgytied& throughout the whole geom&rfj
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Some applications =~~~ = 0@

Photon beams for radio surgery
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Somwe applications

Photon beams for radio surgery
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S
Photon beams for radio surgery

POD (%)
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680 4

404

204

0

\ 30 mm cone

\ — Measurement
\ Monte Carlo
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Depth in water (cm)
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omwe applicabions
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Some aEEtmaEmv\s

Photon beams for radio surgery
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Some applications =~~~ = 0@

Specific absorbed fractions
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Some aEEtmaEmv\s

Specific absorbed fractions

-inform about organ/tissue irradiation due
to diagnostic or therapy of other organ
-interest in Nuclear Medicine
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Some QEELECQEE,OMS

Specific absorbed fractions

-inform about organ/tissue irradiation due
to diagnostic or therapy of other organ
-interest in Nuclear Medicine

~problem: very low statistics because of
organ volume and/or distance to source
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Some QEELECQEE,OMS

Specific absorbed fractions

-inform about organ/tissue irradiation due
to diagnostic or therapy of other organ
-interest in Nuclear Medicine

~problem: very low statistics because of
organ volume and/or distance to source

-efficiency increase by a factor 10!
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Some QEELECQEE,OMS

Specific absorbed fractions

-inform about organ/tissue irradiation due
to diagnostic or therapy of other organ
-interest in Nuclear Medicine

~problem: very low statistics because of
organ volume and/or distance to source

-efficiency increase by a factor 10!

Correction factors of
micro-chambers
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Some aEEtmaEmv\s

Specific absorbed fractions

-inform about organ/tissue irradiation due
to diagnostic or therapy of other organ
-interest in Nuclear Medicine

~problem: very low statistics because of
organ volume and/or distance to source

-efficiency increase by a factor 10!

Correction factors of

micro-chambers
M
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Some aggtitaﬁiov\s

Specific absorbed fractions

-inform about organ/tissue irradiation due
to diagnostic or therapy of other organ
—-interest v Nuclear Medicine

~problem: very low statistics because of
organ volume and/or distance to source

-efficiency increase by a factor 10!

Correction factors of
micro-chambers

a

JL -efficiency increases by

l l a foctor 100!!
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Cownclusions

oAn optimization algorithm based on ‘ank colony
behavior’ has been devetopec&

oIt allows the efficient implementation of variance
reduction techniques

oIt uses the information scored on importance maps

o Minimum inkervention bj the user is requireci . bub
details are relevank
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