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Overview of MC codes

We have access to and expertise in:

• GATE 7.2 (OpenGATE Collaboration)
– Open source

– www.opengatecollaboration.org

• MCNP6.1 (Los Alamos National Laboratory)
– Quasi-Open source

– Distributed by RSICC, ORNL (source code and pre-compiled)

– Difficult to obtain source code

– Negotiations with RSICC initiated to obtain the latest MCNP6.2 
including access to source code

• FLUKA 2011.2c-5 (FLUKA collaboration)
– Open source

– www.fluka.org

http://www.opengatecollaboration.org/


MC code assessment for proton range



MC code assessment for proton range



The FoCal prototype

T. Peitzmann, Utrecht University, for the ALICE-FoCal Collaboration
Prototype Studies for a Forward EM Calorimeter in ALICE

• Proton beam tests performed in 

December 2014 at KVI-CART in 

Groningen

• Model of FoCal / beam tests 

implemented in GATE v7.2



The FoCal prototype



Details of the data analysis

Details of the data analysis (charge diffusion, clustering, tracking
etc…) are thorougly explained in our 2017 NIMA paper



Track reconstruction



Energy / range reconstruction

• Upon identification of proton tracks, perform a Bragg-curve fit  (from 

Bortfeld) to the resulting data

𝑅 = 𝛼 𝐸𝑝



Beam residual energy/range 
reconstruction

Left: 188 ± 3 MeV from a 188 MeV MC simulated mono-energetic beam. 

Right: 187 ± 3 MeV from the 188 MeV beam taken during the KVI Groningen beam test. 



Components of pCT simulations

• Beam-line 

• Trackers

• Phantom

• Proton track / energy 
reconstruction in DTC

• Most-likely path

• Image / RSP reconstruction 



Simulations / Models of the pCT-

DTC design



Simulations / Models of the pCT-

DTC design

• Number of layers needed for 230 and 200 MeV proton beams.

• Also added a margin corresponding to 3 times the range straggling

• The Al-absorber thickness 

should be < 450 µm to keep 

lateral deflection < 0.5 mm



Future (very near) plans

• Implement and test the MLP algorithms (cubic splines 

and/or more sophisticated Bayesian statistics)

– PhD-candidate Jarle R. Sølie to visit HIT during May, June and 

July 2018

– First MLP results expected during or soon after

– Important to establish expected uncertainties in the MLP when 

front-trackers are removed

• Set-up a full simulation and data-analysis chain including:

– Track and energy reconstruction

– MLP

– Image (or RSP) reconstruction

• For this, we need some serious computational power!



A dedicated HPC – Cluster

• 2 nodes (ThinkSystem SD530) – current config.

➢ 2 CPUs (Intel Xeon Gold 6136 3.0GHz Processor) in each node

➢ 64 GB of memory (upgradable if needed)

➢ NVIDIA Tesla M60 GPU in each node

➢ Most likely a 500 GB SSD for the OS and 10 TB of HDD for storage

➢ Total of 96 cores

➢ SSH connection will be set-up (no access problems)

➢ Hopefully, installed and operational before the summer

• Will allow us to obtain e.g. all projections in a matter of 

hours.



Thank you for your attention



MC code assessment for proton range



Track reconstruction

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

𝒃𝟐

𝜃0 b2



Track reconstruction cont.

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(𝑏2) 𝜽𝒊 𝒃𝟏 > 𝜽𝒊 𝒃𝟐 → 𝐔𝐬𝐞 𝐛𝟐



Track reconstruction cont.

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



Track reconstruction cont.

1. Redo the tracking on the reduced data until all tracks are reconstructed



Beam residual energy/range 
reconstruction



Simulations / Models of the pCT-

DTC design


