
Update on the pCT project 

in Bergen

Proton Imaging Workhop, Lyon

Helge E. S. Pettersen, PhD

On behalf of the pCT project in Bergen

14 June 2018

UNIVERSITY OF BERGEN // HAUKELAND UNIVERSITY HOSPITAL



Bergen, Norway

Pop. 280k, founded in 1070

Proton center in 2024
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pCT – Digital Tracking Calorimeter

Patient

Pixelated range telescope

Measure multiple protons’

vector, position & 

track protons to find range

Beam

(Assume thin PB’s

vector & position)
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Analysis workflow
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Charge diffusion

modellingMonte Carlo + exp.

Proton hit
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Protons hitting the pixel detectors

P
ix

e
l 

P
o

s
it

io
n

Y
 [

P
ix

e
l 

n
u

m
b

e
r]

Pixel Position X [Pixel number]



6

Charge diffusion model
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Proton track reconstruction

• With a DTC-type detector:

– It is possible to separate the signals from 

several protons in a single readout

– All proton hits throughout the detector layers

must be «de-spaghetti-fied» and 

reconstructed into tracks
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Proton track reconstruction
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Proton track reconstruction
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The individual proton range

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

± 4 MeV

UNIVERSITY OF BERGEN // HAUKELAND UNIVERSITY HOSPITAL



11

FIRST GENERATION DTC



Proton Ranges with different energies
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First gen DTC
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• ALICE-FoCal prototype showed promise of DTC 
detector concept

– Exp. beam data + Monte Carlo

– Poor resolution, adequate intensity capacity

– Compact design

• See:
– Pettersen, H. E. S. “A Digital Tracking Calorimeter for Proton Computed

Tomography.” PhD, University of Bergen, 2018.

– Pettersen, H. E. S., et al. “Proton Tracking in a High-Granularity Digital 
Tracking Calorimeter for Proton CT Purposes.” NIM A 860C (2017)



DTC design study



PCT - HELGE PETTERSEN
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Idea: More sensor layers, less material
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Fitted range: 235.0  ± 23.4 mm         



Design optimization: Absorber thickness
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Range distribution per beam 

energy

2 mm Al             4 mm Al           6 mm Al
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Range uncertainty: MC design study
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⟨𝜎𝑅⟩ =
𝜎𝑅
𝑛𝑝



Systematic range error
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Tracking quality: Uniform field
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Million protons/s per 10 cm2     



Tracking quality: pencil beam
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2-4 M p/s

6-12 M p/s



PCT - HELGE PETTERSEN
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Air cooled design, max

~26 degrees C

Water cooled design, max

~23 degrees C

Heat sink design



Experimental

measurements with

ALPIDE
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Single Pixel:           28 x 28 spots
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t = 0                        t = 10 µs

t = 0                        t = 10 µs

t = 0                        t = 10 µs
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t = 0                       t = 1 µs t = 2 µs

t =  3 µs t = 4 µs



Incident position vs cluster sizes
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ø
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Radiation damage (TID) – threshold values
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1300 Gy

(~1 M pCT scans)

13 000 Gy

(~10 M pCT scans)
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Conclusions
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• Monte Carlo design optimization of 2nd gen 
DTC

– Expect high resolution & intensity capacity

– Under construction: Mounting, DAQ, …

• What’s next:

– Find resolution of MLP w/one-sided trackers

– When built: beam test w/phantom

– (Improve in-detector tracking)



Further reading

• Pettersen, H. “A Digital Tracking Calorimeter for Proton Computed

Tomography.” PhD, University of Bergen, 2018.

• Pettersen, H. E. S., et al. “Proton Tracking in a High-Granularity

Digital Tracking Calorimeter for Proton CT Purposes.” NIM A 860C 

(2017): 51–61

• Pettersen, H. E. S., et al, Proton Tracking Algorithm in a Pixel Based 

Range Telescope for Proton Computed Tomography, submitted to 

Web of Conferences

• Aglieri Rinella, G. “The ALPIDE Pixel Sensor Chip for the Upgrade of 

the ALICE Inner Tracking System.” NIM A 845 (2016): 583–87. 
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Backup slides
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Charge diffusion in pixels
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Next prototype: Chips

http://bora.uib.no/handle/1956/16041: Design of High-Speed Digital Readout System for Use in Proton Computed Tomography

http://bora.uib.no/handle/1956/16041


Digital Tracking Calorimeter(DTC)

• Chip & read-out electronics

Chip size = 1.5cm x 3cm 

Demanded sensitive area = 18cm x 27cm

Space for data readout strip

Cooling methods & coolant channel

Uniformity

Figures from Slava: ‘’9 Alpide string’’ & Nikhef ‘’ Mock up of Focal slab’’
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Digital Tracking Calorimeter(DTC)

• Bonding method

Mechanical Connection                             Ultrasound welding

Dielectric connection Glue protection

Figure from: Slava: ‘’Applied glue in 
mock up of detector layer for Focal m 
Tower
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ALPIDE detector inside the vacuum chamber. The red arrow illustrates the beam direction. The ALPIDE is tilted 

approximately 5° so that it would fit inside the vacuum chamber.
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Scattering in first layers

Aluminum before second sensor layer [mm]



Dose to detector

• 200 M protons for pCT image

• 40 layers * ~300 keV/layer = 12 MeV / proton

• Weight of pixel sensors = 700 g

• 200 M * 12 MeV / 700 g ~ 1 mGy
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• The Bragg-Kleeman range-energy relationship, 

𝑅 = 𝛼𝐸𝑝, can be rewritten to give an accurate

depth-dose curve for a single proton:

d𝐸

d𝑧
=

𝑅 − 𝑧 1/p−1

𝑝𝛼1/p
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Range uncertainty
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The ranges from many protons
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?
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Charge clustering model
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