
Timepix detector operation at CERN accelerator facilitiesTimepix detector operation at CERN accelerator facilities

Abstract We describe the main performances for the Timepix silicon detector operation at the SPS and H8 extracted beam line at CERN. The main calibration 
results of the detector and an improved cluster analysis algorithm are presented as well. In the present work we are introducing the main functionality of the device and 
its limitation for the measurement of the high-energy particles flux.
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UA9 collaborationUA9 collaboration
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UA9 collaboration. Bent crystal physicsUA9 collaboration. Bent crystal physics

Channeling is the retention between crystalline planes:

→ Charged particles
→ Momentum is nearly parallel to the atomic planes of the crystal
→ Transverse kinetic energy not exceeding the depth U0 of the 
crystal potential.

Mechanically bent crystal

Using of the secondary curvature of the crystal to 
guide the particles 

Deflecting Angle of Protons after passing the crystal vs Crystal Rotation Angle
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UA9 collaboration. ApplicationsUA9 collaboration. Applications

Measuring of short living baryons MDM (e.g. Λc+[udc])

https://arxiv.org/pdf/1707.05151.pdfDOI: 10.1007/JHEP08(2017)120

Beam collimation

Slow extraction at SPS
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Timepix & Timepix3Timepix & Timepix3
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Timepix. Hardware descriptionTimepix. Hardware description

Timepix:

→ a hybrid pixel detector;
→ 300 μm thick Silicon layer;
→ 14×14 mm2 bump bonded read-out chip;
→ a matrix formed by 256×256 pixels;
→ each pixel is 55×55 μm2;
→ maximum digital counter is 11810 (13.5 bit);
→ Clock 96 MHz (~10.4 ns).

Modes of the detector operation:

• Medipix mode
• Time of Arrival (ToA) mode
• Time over Threshold (ToT) mode

Readout: USB2.0 via FITPix, with a frame rate up to 
90 frames/s

Timepix3:

→ a hybrid pixel detector;
→ Silicon/Carbon layer;
→ 14×14 mm2 bump bonded read-out chip;
→ a matrix formed by 256×256 pixels;
→ each pixel is 55×55 μm2;
→ Clock 40 MHz (25.0 ns) + 640 MHz fast Clock (1.56 ns)

Each Timepix pixel can work in one of three modes:

• ToA+ToT mode (ToA 18 bit & ToT 10 bit)
• ToA mode (ToA 18 bit)
• Event count & Integral ToT (iToT 18 bit & eCount 10 bit)

Readout: Katherine, Ethernet embedded readout 
interface, 15 Mhits/s

Quadpix (4 Timepix chips)Timepix Timepix3
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(1) Pixelman Graphical User Interface (GUI) (allows to 
visualize the acquired frames and to write data into the text 
files);

(2) Python scripting plugin (gives a possibility to integrate 
Pixelman libraries inside other data acquisition (DAQ) 
systems; multiple device synchronization).

Timepix. DAQ softwareTimepix. DAQ software

Pixelman:
Timepix + FITPix

Burdaman:
Timepix3 + Katherine

Allows detector control and data acquisition. Supports 
more readout devices connected to the Ethernet 
network.

https://doi.org/10.1088/1748-0221/12/11/C11001

http://aladdin.utef.cvut.cz/ofat/others/Pixelman/Pixelman.html
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Timepix applications in UA9Timepix applications in UA9
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Timepix applications. Experimental areasTimepix applications. Experimental areas

IP7 Ring1 & Ring2
(with 2 crystals per ring)

BA5

H8

H8 (UA9 test-beam): Xe & Ar ions 70 & 150 GeV/u, protons 400 GeV/c and pions 180 GeV/c – up to 106 particles/s
SPS (UA9 MD): protons 270 GeV/c – single bunch ~1011 p, beam on COAST, extracted by the crystal ~105 particles/s



10/10/2018 A. Natochii, PRAE Workshop'18, Timepix 10

Crystal with ~420 urad deflection angle

Quadpix (4 Timepix chips)

Placed ~50 m from the crystal
400 GeV/c protons

Timepix applications. H8 test-beamTimepix applications. H8 test-beam

Deflected beam

Crystal shadow

Primary beam

Deflection AngleBent CrystalTrigger Scintillator QuadpixTracker Plane*

10 m 0.5 m 10 m 40 m

Timepix3

*http://iopscience.iop.org/article/10.1088/1748-0221/6/04/P04006/meta

~21 mm

~23 usec SPS cycle (43 kHz)

Timepix3 (Diamondpix)

Placed ~10 m from the crystal
400 GeV/c protons

C
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s



10/10/2018 A. Natochii, PRAE Workshop'18, Timepix 11

Without any object
on the beamCrystal in CH

CH

Integrated 500 frames (1 sec each) in MPX mode

Small (~50 urad) angle crystal

Timepix applications. H8 test-beamTimepix applications. H8 test-beam

Beam

Timepix #89

Timepix #87

#89 #87
X

Beam direction

ToA [usec] in color

First plane Second plane

Misaligned detectors,
due to the handmade holder =)

Xe ion beam
Clock 48 MHz (20.8 nsec)

Time acquisition window 0.246 msec
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ToA mode

0 256

2
5

6

→ In ToA mode we take 
only the first hit of the 
pixel
→ Overlapping of the 
clusters

Timepix applications. Cluster analysisTimepix applications. Cluster analysis

Comparison between the standard Cluster Analysis (CA) and improved one

Primaries and secondaries from the particle beam
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Timepix applications. Telescope and Double channelingTimepix applications. Telescope and Double channeling

1st Crystal

2nd Crystal

TMPX

Primary SPS beam

Single CH

Double CH

Integrated frame of the Timepix

Single CH

Double CH

The telescope provides very 
good 70 μrad angular 
resolution for reconstructed 
particle tracks with a flight 
base of 1.2 m and track 
reconstruction efficiency of 
about 10 %.

*The setup is located inside SPS beampipe.
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The measured flux of the particles for H8 is about 0.6·105 pions/s 180 GeV/c 
(276 pions/(s·mm2) in the beam core) and for SPS is about 1.2·105 protons/s 
270 GeV/c (2606 protons/(s·mm2) in the beam core), done with the Timepix 
detector (the active area is 196 mm2).

Timepix applications. ConclusionTimepix applications. Conclusion

The image of the pion 180 GeV/c beam at H8 
SPS extracted beam line.

The image of the proton 270 GeV/c beam at 
SPS, deflected by the crystal.

The Timepix is a very user friendly device that seems to be robust enough to 
be used also in quantified beam monitoring also in secondary vacuum inside 
beam pipes (three years of operation, up to 0.4 kGy/year at SPS LSS5) of the 
accelerator machine like SPS at CERN.
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Backup slide. Timepix Technical specificationsBackup slide. Timepix Technical specifications

Features:

Pixel size 55μm x 55μm
256 x 256 pixels
Single energy threshold (adjustable per pixel with 4 bits)
Three modes of operation: (1) single particle counting (2) Time 
over Threshold (TOT) and (3) Time of Arrival (TOA)
Electron or hole collection -> compatible with various sensor 
materials
Can be combined with Gas Gain Grid to readout electron 
deposition in a gas detector
3-side buttable
 
Applications:

Adaptive optics and other visible or near visible light 
applications
Astrophysics
Background radiation monitoring
Digital Autoradiography
Dosimetry
Education
Electron microscopy
Life Sciences
Neutron imaging
Various X-ray and gamma-ray imaging applications
X-ray polarimetry measurements

https://medipix.web.cern.ch/collaboration/medipix2-collaboration
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Backup slide. Timepix3 Technical specificationsBackup slide. Timepix3 Technical specifications

Features:

Pixel size 55μm x 55μm
256 x 256 pixels
Timepix3 is suitable for readout of both semiconductor detectors 
and gas-filled detectors
Single thresholds per pixel each with 4 bits of local adjustment
Two main measurement modes: (1) simultaneous 10 bit ToT and 
18 bit TOA and (2) 10 bit event counting and 14 bit integral TOT
TOT monotonic for large positive charges
Fast TOA for time stamping with a precision of 1.56 ns
Data driven readout: dead time free, for a maximum hit rate of 40 
Mhits/s/cm^2
Shutdown/wake-up features for power pulsing tests on a full 
system
3-side buttable (with a single 1.2mm dead edge)
TSV ready
 

Applications:

X-rays imaging
Particle track reconstruction.
Timepix3 is suitable for readout of both semiconductor detectors 
and gas-filled detectors.

https://medipix.web.cern.ch/collaboration/medipix3-collaboration
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