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Pattern recognition
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Pattern recognition together with dE/dX 
information allows determination of incident 
particle type  - and energy?

ɔ/e-

µ

-hparticle

p+

T. Holy, et al. Pattern recognition of tracks induced by individual quanta of ionizing radiation 
in Medipix2 silicon detector, Nucl. Inst. Meth. Phys. Res. A, 591(1):287 ς 290, 2008.

60 minutes measurement at an altitude of 2 700 m
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Working principle

Detector response to ionizing 
radiation

ELIMED 2026 3

Increased energy deposit in the medium 
at the end of its range (Bragg-Peak)
Example: 350 MeV/A He track.

335 GeV/c Pb

~1.3 cm

~
0

.5
 c

m

High energy deposition either for 
particles with high Z or at low 
velocity ̡ << 1 
ĄUse Bragg-behavior or ɻ -ray 
appearance for classification
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The Timepixfamily
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Timepix3
ÅData-drivenreadout(max. count rate 40 Mhits cm-2 s-1)
ÅSimult. measurementof energy and timeόɲǘ Ґ мΦрс ns)
ÅMinimal detectable energy per pixel ~3 keV

4

Timepix:
ÅFrame based readout (92 fps)ςdead time > 11 ms
ÅMeasurement of energyor time (ɲǘup to 10ns)
ÅMinimal detectableenergyfor noisefree measurement

3-5 keV 

Å256 x 256 pixels with 55 µm pitch (1.98 cm2)
ÅSensor layer(Silicon, GaAs, CdTe, ...)flip-chip bump 

bonded to the ASIC 

Timepix3 with chipboard.
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ÅStarlink satellites lost in 
2022

ÅScientific paper: The Solar 
Cause of the 2022 February 
3 Geomagnetic Storm that 
Led to the Demise of the 
Starlink Satellites

ÅFindings: A CME triggered 
a geomagnetic storm that 
increased atmospheric 
drag, causing ~39 Starlink 
satellites to re-enter the 
atmosphere prematurely.  
This is one of the largest 
single losses of satellites 
due to space weather.
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SpaceX ɀ Sailing Close to the Space 
Weather?
ɈThe 3 February 2022 launch of 49 of SpaceX's Starlink 
satellites has provided a fascinating example of how 
even modest space weather can have significant 
practical and financial consequences.ɉ
https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2022S
W003074

Japanese Satellite Hitomi: 
Lost in Space? 
ɈA scientific tragedyɈ
Witze, A. Software error doomed Japanese 
Hitomi spacecraft.Nature533, 18ς19 (2016). 
https://doi.org/10.1038/nature.2016.19835

Planes grounded after Airbus discovers 
solar radiation could impact systems
https://www.bbc.com/news/articles/c8e9d13x2z7o  

Toulouse, France, 28 November 2025 ɀ Analysis of a 
recent event involving an A320 Family aircraft has 
revealed that intense solar radiation may corrupt data 
critical to the functioning of flight controls . Airbus has 
consequently identified a significant number of A320 
Family aircraft currently in -service which may be 
impacted.
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The Space radiation enviroment 
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Particles trappedin Van-Allen radiationbelts
(continuous)
Å Electrons up to 7 MeV
Å Protons up to 400 MeV

ÅSpacecraft charging
TID (permanent device degradation)
ÅSEE 
ÅAstronaut dose

Solar particle events(transient)
Å A few days at a time, a few per year on average but correlated to 

solar activity 
Å Particle energy usually < 100 MeV, rare GeV storms 

ÅPotentially dangerous to electronics and 
humans on space missions

Solar Wind (continuous)
Å Plasma released from the sun (eV ς few keV)

ÅMostlyspacecraftcharging

Galactic CosmicRays (continuousflux)
Å 98% Baryoniccomponent: 87% protons, 12% alpha-particles, 

1% heavy ions(Z > 2)
Å 2% Electronsand positrons
Å Energies > 0.5 GeV/nucleon(penetratingparticles)

ÅSEE in electronics
ÅMain driverof the astronautdose (e.g., 

50% astronautdose on ISS)



SATRAM
SpaceApplicationof TimepixRadiationMonitor

C. Granja et al.Σ ά¢ƘŜ {!¢w!a Timepix spacecraft payload in open space on board the Proba-± ǎŀǘŜƭƭƛǘŜ ŦƻǊ ǿƛŘŜ ǊŀƴƎŜ ǊŀŘƛŀǘƛƻƴ ƳƻƴƛǘƻǊƛƴƎ ƛƴ [9h ƻǊōƛǘέΣ 
Planetary and Space Science 125, pp. 114-129, ISSN 0032-0633 (2016).
https://doi.org/10.1016/j.pss.2016.03.009

Timepix
Å 256 x 256 pixels
Å pixel pitch 55 µm
Å Energy measurement 

in each pixel
Å Sensor: Si 300 µm
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ÅSingle-layerparticlediscrimination
ÅSmall dimensions and low mass
ÅLarge field of view

12 years of successful radiation 
monitoring in LEO

https://doi.org/10.1016/j.pss.2016.03.009


Space Application of Timepix 
Radiation Monitor(SATRAM)
ÅFirst Timepix in open space

ÅPower consumption of 2.5 W

ÅTotal mass 380 g (107 x 70 x 55 mm)

ÅPlatform technology demonstrator

Proba-V

ÅMinisatellite (158kg)

ÅAltitude ~ 820 km (LEO)

Å101.21 minutesorbit duration

ÅInclination 98.6°

ÅSun-synchronous

ÅLaunched 7th March 2013
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10 x times lower mass 
budget than space 
environment monitors 
with similar capabilities

300 µm 
thick silicon
sensor
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Ep < 400 MeV 
Ee < 7 MeV

Mauk, B.H., Fox, N.J., Kanekal, S.G. et al. Space Sci Rev (2013) 
179: 3. 
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Radiation environment in LEO

Trapped particles 
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Radiation environment in LEO 

Dynamics of the radiation belt structure
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Radiation belts structure 
highly dynamic. 

ÅSolar Flares 

ÅSolar Particle Events

ÅInterplanetary shock 
waves

Å...

V. Pierrard et al., ɈElectron dropout events and 
flux enhancements associated with 
geomagnetic storms observed by PROBA-
V/Energetic Particle Telescope from 2013 to 
2019ɉ,Journal of Geophysical Research: Space 
Physics 125, e2020JA028487 (2020).
https://doi.org/10.1029/2020JA028487
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https://satram.utef.cvut.cz/
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ÅDose rate: 
В
Π

Ȣ

ÅMax. dose rates ~20 µGy/s 

ÅAnnual average dose: 22.3 Gy
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Transient effect

Solar proton 
event (SPE)
on September 10, 2017

SPE - Sept. 2017
Reference 
period
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Simulation

e-

p+

dE/dX and particle classification

e-

p+

HZE

St. Gohl Ŝǘ ŀƭΦΣ ά{ǘǳŘȅ ƻŦ ǘƘŜ ǊŀŘƛŀǘƛƻƴ ŦƛŜƭŘǎ ƛƴ [9h ǿƛǘƘ 
the Space Application of Timepix Radiation Monitor 
ό{!¢w!aύέΣ !ŘǾŀƴŎŜǎ ƛƴ {ǇŀŎŜ wŜǎŜŀǊŎƘ 63, Issue 5, pp. 
1646-1660, (2019).
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Electron and proton flux maps
e- fluxes 3 orders of magnitude larger 
than p+ fluxes

ĄEven small e- misclassification distorts 
p+ flux measurement
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St. Gohl Ŝǘ ŀƭΦΣ ά{ǘǳŘȅ ƻŦ ǘƘŜ ǊŀŘƛŀǘƛƻƴ ŦƛŜƭŘǎ ƛƴ [9h ǿƛǘƘ ǘƘŜ 
Space Application of Timepix wŀŘƛŀǘƛƻƴ aƻƴƛǘƻǊ ό{!¢w!aύέΣ
Advances in Space Research 63, Issue 5, pp. 1646-1660 
(2019).
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Incident particle energy reconstruction 
using dE/dX unfolding

16

This method works by decomposing the 
stopping power ñsignalò of the field into its 
contributing particle signals, from which the 
particleôs distributions can be inferred  

Measured dE/dx Spectrum

Response Matrix

Particle Spectrum
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Solvedby

Typicalunfoldingcodes:
Å Matrix inversion
Å Richardson Lucy
Å Gold deconvolution
Å Bayesian unfolding 
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dE/dX unfolding:

Response matrix

ÅSimulatedin 
omnidirectionalparticle
field for e- (Ee< 6 MeV) 
and p+ (Ep < 400 MeV)

ÅMethodologyverification
in monoenergeticproton
beams

ELIMED 2026 17

Method not sensitive to
the electronspectrum

ů125 MeV = 17 MeV, ů175 MeV = 257

28 MeV and ů225 MeV = 42 MeV

Energy (MeV) 125 175 225

(̀MeV) 17 25 42

Resolution averagedoverpolar anglesof 0, 
45, 70 and 85 degrees
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Application to measured SATRAM data
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22,784 frames of 2 ms (tmeas = ~46 s) were 
found in the selected geographic region in 
the years 2014-2018.

Bergmann et al. Instruments2024, 8(1), 17; https://www.mdpi.com/2410-390X/8/1/17

First time proton spectrum 
measurement with single-layer 
device in LEO

Single-layer electron spectrum 
reconstruction remains a key challenge 
for future development
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https://www.mdpi.com/2410-390X/8/1/17


GCR Measurement with SATRAM
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GCR are mostly minimum 
ionizing particles ̡ ~ 1
Ą dE/dX ~ Z2

Z
1 103 5 7 98
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Tracks at grazing 
angles in the region 
shielded by Earth 
Magnetic field

Analysis is ongoing

Example

Preliminary



Development of a demonstrator 
penetrating particle analyzer 

(mini.PAN) for deep space missions

http://www.pan-space.eu/

X.Wu et al., Penetrating Particle ANalyzer (PAN), Adv. Space Res. 63, 8, 2672-
2682 (2019)https://doi.org/10.1016/j.asr.2019.01.012

This project has received funding from the European 
Union's Horizon 2020 research and innovation 
programme under grant agreement No 862044.

https://doi.org/10.1016/j.asr.2019.01.012


Mini.PAN:

Conceptualdesign
Magnetic spectrometer:

2 magnet sectors in Halbach geometry 0.4 T

3 Tracker modules with 3 layers of strip 
detectors

Å2 StripX (bending direction) ςpitch: 25 µm
Å1 StripY ςpitch: 500 µm

2 Pixel modules
ÅTimepix3 quad (262,144 pixels, pitch: 55 µm)

2 ToF modules (time resolution < 100 ps):
ÅScintillators (EJ230) coupled with SiPMs 

Expected performance:

Mini.PAN ~10 kg, ~20-30 W
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Mini.PAN:

Magnet sectors
1

2
0

 m
m

50 mm

Ring, aluminium

Permanent magnet 
block, NdFeB

Mapping the B-field strength
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Mini.PAN:

Tracking modules

Mapping the B-field strength
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Pixel detectorprototype 
for functionaltesting
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