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Selection of proton imaging set-ups
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Also:

e Use Helium or
carbon instead
of protons
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* Pencil beam
plus down
stream tracker
(-> Helge)



How to choose the set-up?
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Spatial resolution
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Single tracking set-ups
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Likelihood: L()/b)/z — yout|yin) — Lscat(yin —7 )/1) X Lscat()’l —7 Y2 = yout‘yin)
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Single tracking set-ups

1.5 -

1.0 -
Trackers measure

é Uncertainty | position
£ 05 envelope | and angle
- ' l
9O I
Proton 'Q ' ‘ I
s 0.0 _ l
beam . | Estimated |
V) | proton trajectory |
Q
05 - | :
-
© | l
- I |
—-1.0 - | I
l l
: Air Phantom Alr :
—1_5 = I 1 I I 1 I 1 1

|
W
o

-20 -—10 0 10 20 30 40
Depth iIn cm



Tracker uncertainties
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Likelihood of measurement process:
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ldeal trackers
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MLP considering tracker uncertainties
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Tracker uncertainties
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Apply formalism to integral mode set-ups
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PBS-based set-ups

(no position information)
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PBS-based set-ups
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PBS-based set-ups

Pixel detector
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Set-up parameter o 09, Ot 00,

Single tracking idealised 0 0 0 0

PBS + range telescope idealised 0 0 — 00 — 00

PBS + pixel detector idealised 0 0 0 — 00
Passive scattering + pixel detector idealised — 00 0 0 — 00
Single tracking (see section 28) 0.15 mm 3 mrad 0.15 mm 3 mrad
Single tracking without angle measurement 0.5 mm 15 mrad 0.5 mm — 00 (45°)
PBS + range telescope 8/2.35 mm 0.1 mrad 20 cm — 00 (45°)
passive scattering + pixel detector 20 cm 15 mrad 0.5 mm — 00 (45°)
PBS + pixel detector 8/2.35 mm 0.1 mrad 0.5 mm — 00 (45°)
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Impact of detector distance on spatial resolution
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Spatial resolution in Ip/mm (MTF1g9)
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Impact of beam size in PBS set-ups
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S0 pixels are useless?
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ymrp(u) = G, (Cr + Cz)_l RoSin * Vind
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Conclusion

List mode:
tracker uncertainty very important
spatial resolution degrades drastically with tracker distance

Passive field: Must put detector close to phantom/patient
PBS: Small beam size improves spatial resolution a lot

Pixel size is irrelevant for spatial resolution
but pixels allows for region of interest filtering

Refine MLP estimation?






