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Hybrid Pixel Detectors
• A hybrid pixel detector decouples the 

readout system of a pixellated detector 
from the sensor 

• The timepix is a hybrid pixel detector 
developed by the Medipix Collaboration 

• Each pixel measures 55µm x 55µm 

• 256 by 256 pixels for a 2cm2 area  

• The detection threshold is about 1000 
electrons 

• We use a quad configuration with 512x512 
pixels for a total of 262,144
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Beam Alignment at NTOF

(1) PS Protons collide with a lead target producing neutrons 

(2) These neutrons travel down a 
long tunnel (20m or 185m)

(3) The energy of the 
neutrons can be 
determined from their Time 
of Flight

Interest in characterising the beam position for installing a new laser alignment 
system. Measurements using a 300 um silicon sensor with a PE converter.
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Timepix Data
• Each track is left by the 

interaction of a single 
particle 

• The tracks can be separated 
based on their measured 
time of arrival (colour scale) 

• The tracks can then be 
separated by position, 
energy and type
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Beam Spot - NTOF 2
Position Tracks (20 MeV and up) Position Tracks (1 MeV - 20 MeV)

Position Tracks (1 keV - 1 MeV) Position Tracks (20 eV - 1 keV)
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Measurements NTOF 1
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Beam Profiles - NTOF 1
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Using Morphology at NTOF 1
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NTOF has been able to align their beam with ~0.1mm  
accuracy



Hybrid Doesn’t Just Mean 
Semiconductors - The GEMPix
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Technology Limitations and 
the Future

• Timepix -> Frame based readout (~200 fps with new 
systems, 20 typical), clock up to 100 MHz (10, 50 more 
used), counter depth = 11.5 bits 

• Timepix 3 (supply limited) -> Data driven readout (85 MHits/
sec/asic), simultaneous TOT/TOA (1.5 nS resolution), 24 bit 
counters 

• Lots of interesting measurements - avalanche statistics, in 
detail measurements of Pe/B10 Cathodes, dE/dX spectra 
from biological samples, neutrons in photon radiotherapy
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Alpha Particles (~6 MeV 
Am241)

Working point at Gain ~950V, compare with 1230V for Fe55

Number of Clusters as a 
function of gain

Cluster TOT as a function 
of gain
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Higher Energy Electrons
• Higher energy photons suffer a poor energy 

resolution because of two issues. 

• The first is that electrons > 10 keV have 
ranges greater than the sensor thickness 

• The second is that high(er) energy electrons 
do not form complete tracks 

Compton electrons 
from Co 60
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Test Pulse Calibration
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TOT in Cluster
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Equalisation
Map of Fe55 Peak Positions
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