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In this presentation:

• Summary of MC simulations & very brief overview over 

analysis

• Analysis performed on different geometries

• In the end a design recommandation is made
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More details in WP1 design report & (submitted) thesis
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130
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Some assumptions
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Analysis workflow
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Analysis workflow
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Analysis workflow
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Range resolution

• Range accuracy (bias, systematic errors)

• Range uncertainty (in addition to range straggling)
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Range resolution from individual tracks
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Range distribution per beam energy (/voxel)
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Range ACCURACY
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Range uncertainty
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Oscillatory range error – Systematic uncertainty
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Oscillatory range error – Systematic uncertainty
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Compare this to the FoCal prototype… 



17

Width of range distribution – stochastic uncertainty
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Track reconstruction efficiency (old algorithm)
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New track reconstruction algorithm … 
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New track reconstruction algorithm … 

A bit more overhead
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Some Pencil Beam considerations
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Some Pencil Beam considerations

𝜎𝑥 = 𝜎𝑦 = 3 mm; 250 MeV beam degraded by 16 cm water
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New track reconstruction algorithm … 
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Reconstruction efficiency with different spot sizes (𝜎𝑥,𝑦)

~2.5 Mp/s
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How many layers are needed for the different 

configurations?



26

Scattering in first layers

Aluminum before second sensor layer [mm]
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Detector size recommendations

(from pCT-WP1-Report1)
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Detector size recommendations
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Detector size recommendations
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Tracking layers – comparison with other

projects
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Scattering in first layers – HIT pRG

(800 µm WET = 380 µm Al)
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Scattering in first layers – PRaVDA
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Scattering in first layers – Lomda Linda
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BACKUP SLIDES – ANALYSIS
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Charge diffusion



Each proton track creates charge diffused pixel clusters
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Charge clustering model

Data Charge Diffusion Model
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Analytical model
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Tracking algorithm

1. Use all hits in first layer as seeds

2. Test all seeds against hits in next layer:

1. Evaluate: Find change in direction 𝜃0 in first sensor layer (assume parallel 
beam here) against all hits in next layer

2. Compare 𝜃0 against a threshold value: If below, keep the hit in next 
layergiving rise to lowest 𝜃0: Here it’s 𝒃𝟏.

𝜃0 b1𝒂

𝒃𝟏 𝜃0 𝒙 = cos−1
𝒂 ⋅ 𝒙

𝒂 ⋅ 𝒙

0 1

𝒃𝟐

𝜃0 b2



1. For all next layers, find angular change 𝜃𝑖 and append the hit with «lowest-
scattering» cluster. 

𝜃𝑖(𝑏1)

𝒂

𝒃𝟏

𝑖 𝑖 + 1

𝒃𝟐
𝜽𝒊 𝒃𝟏 > 𝜽𝒊 𝒃𝟐 → 𝐔𝐬𝐞 𝐛𝟐𝜃𝑖(𝑏2)

Tracking algorithm



1. When a few tracks are made from the same seed pair, find the best one using 
different scoring criteria (total angular change, length, existence of Bragg Peak, 
etc.)

2. Keep the track (green) and remove all hits connected to it

Tracking algorithm



1. Redo the tracking on the reduced data

Tracking algorithm



1. Voilà, all tracks are reconstructed

Tracking algorithm
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Proton tracking – Accuracy

The more protons to be reconstructed at the same, the

smaller the probability of finding the correct track
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For each proton it’s possible to plot proton depth vs 𝐸dep
And do model fitting with Bortfeld′s Bragg Curve 𝑅 = 𝛼 𝐸𝑝
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Finding the range

Bortfeld, T. An Analytical approximation to the Bragg curve for therapeutic proton beams. Med. Phys 24 2024-33 (1997)

± 4 MeV


