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=> Most likely path (MLP) (Schulte et al., 2008)

YMLP theo(®) = (7 + BT Z5 ' R1) "1 (7 Rowo + RT =5 y0)
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=> Most likely path (MLP) (Schulte et al., 200/8)

\
- B e y v
YMLP theo(®) = (7 + BT Z5 ' R1) "1 (7 Rovo + RT =5 y0)
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=> Most likely path (MLP) (Schl/Jlte et al., 20/08) \
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=> Most likely path (MLP)/(Schu(te et al.7 2008)

¥ ¥ y
YMLP theo(1) = (271 + Rfig_lRl)_l(El_lRoyo + RT S5 1ys)
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Background

—> Homogeneous medium assumption in MLP formalism

YMLP theo(t) = (Z71 + RIS 1R "H(ET Royo + RT S5 Lys)

- Radiation length X,

- Momentum-velocity 5(u)21p(u)2

- Gaussian angular and spatial distribution (Fermi-Eyges theory)
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Previous work

=> Wong et al. : impact of longitudinal
heterogeneities on the accuracy of

the MLP

=> Collins-Fekete et al. : extension of
the MLP with prior-knowledge

information on the tissues

Cln
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Previous work

=> Experimental observations on CIRS electron density phantom
lung
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Objective

Homogeneous medium assumption in MLP formalism

c Investigate the effects of transverse heterogeneities on the
accuracy of the MLP

Longitudinal heterogeneity Transverse heterogeneity
10
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=> Analytical MLP

YMLP theo(®) = (Z71 4+ RIS 1R) Y (ZT Royo + RT X5 1)
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=> “Real” MLP from MC simulations

1) Simulate a transverse heterogeneity
in GATE/Geant4

Proton point

source
*—

—— 20cm ——
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=> “Real” MLP from MC simulations

1) Simulate a transverse heterogeneity
in GATE/Geant4

2) Filter protons to mimic the single
tracking setup

Lateral position (mm)

Single proton trajectory
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=> “Real” MLP from MC simulations S

most likely position

1) Simulate a transverse heterogeneity - /
in GATE/Geant4 i

2) Filter protons to mimic the single
tracking setup

3) Find real MLP from histograms of
transverse positions
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=> Analytical MLP

yl\v’ILP,theo(u) = (21—1 + Rt{wzg—lRl)—l(El—lROyO e erzglyz)

0.014|_t--1mm

—1,=-05mm

=> “Real” MLP from MC simulations

0.012

t,=0mm
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0.01

1) Simulate a transverse heterogeneity
in GATE/Geant4

2) Filter protons to mimic the single
tracking setup

3) Find real MLP from histograms of
transverse positions S I R

(z—pp)? (z—po)
Ay =R Ay =24

=> Histogram fit : f(q:):mme e .
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Results & discussion
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Results & discussion

1 —— Theoretical MLP
—— Theoretical heterogeneous MLP
1 = RealMLP

Proton point
source

*—
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=> max difference
between
theoretical and
real MLP = 0.5
mm
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Results & discussion

=> Non Gaussian spatial and angular distributions
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Results & discussion
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Results & discussion

-> Exit energy profiles
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Conclusion

> Study of a worst case scenario

> Maximum error of 0.5 mm close to the MLP formalism’s uncertainty
(0.43 mm)

< The current MLP formalism is accurate enough even in the
presence of transverse heterogeneities

20
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