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Pattern recognition together with dE/dX

paﬁerrm ernltlon Information allows determination of incident
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60 minutes measurement at an altitude of 2 700 m

particle type - and energy?

T. Holy, et alPattern recognition of tracks induced by individual quanta of ionizing radia
In Medipix2 silicon detectaNucl Inst. Meth. Phys. Res, 291(1):287¢ 290, 2008.

Low energy X- and y-rays,
(1) Dot . low energy electrons

(2) Smallblob = ® B X-and y-rays, electrons

(3) Curly track 1 y-rays and electrons (MeV)

Highly ionizing particles with
(4) Heavy Blob # short range (o, protons, )\

Highly ionizing particles
(9) Heavy track { ™ (protons, ions, ...)

(6) Straight track A . Energetic light charged particles

(1, minimum ionizing light ions, ...)
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Working principle High energy deposition either for

Detector response to ionizing |V <«
A Use Bragdpehavior ort -ray

ra.d |at|0n appearance for classification
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TheTimepidamily
A 256 x 256 pixels with 55 um pitch (1.98%m =

A Sensor layelSilicon, GaAs, CdTe, flig-chip bump
bonded to the ASIC

Common electrode

Sensor chip

Readout chip

Motherboard

High resistivity

Timepix

A Frame based readout (92 fpsyplead time > 11 ms T i o

A Measurement oenergyor time (n @pto 10ns)

A Minimal detectableenergyfor noisefree measuremen
3-5 keV

Timepix3

A Datadrivenreadout(max countrate 40 Mhitscm2s?l) 4
A Simult measurementf energy and timedo pn 4 s) 47
A Minimal detectable energy per pixeBkeV s

Timepix3 with chipboard.
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Japanese Satellite Hitomi: SpaceX z Sailing Close to the Space

Lost in Space? Weather?
JA scientific tragedy3The 3 F222ilaunahroly49 of SpaceX's Starlink
Witze, A. Software error doomed Japanese  satellites has provided a fascinating example of how
Hitomi spacecraftNature533, 1819 016). even modest space weather can have significant
https://doi.org/10.1038/nature.2016.19835 pr acti cal and financial conse
T e https://agupubs.onlinelibrary.wiley.com/doi/10.1029/2022S

V¥ ) WO003074

Planes grounded after Airbus discovers

solar radiation could impact systems
https://www.bbc.com/news/articles/c8e9d13x2z70

Toulouse, France, 28 November 2025  z 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

Particles trappedn VanAllenradiationbelts A Spacecraft charging

(continuoug TID (permanent device degradation)

A Electrons up to 7 MeV A SEE

A Protons up to 400 MeV A Astronaut dose

Solar particle eventgransient) A Potentially dangerous to electronics and

A A few days at a time, a few per year on average but correlate humans on space missions
solar activity
A Particle energy usually < 100 MeV, rare GeV storms

Solar Wind(continuous) A Mostly spacecrafcharging
A Plasma released from the sun (e¥ew keV)

GalacticCosmidRays(continuousflux) A SEE ielectronics
A 98%Baryoniccomponent 87%protons, 12% alphgarticles A Main driver of the astronautdose (e.q.,
1% heavyons(Z > 2) 50%astronautdose on ISS)

A 2%Electronsandpositrons
A Energies > 0.6eVnucleon(penetratingparticles




C.Granj@tal & ¢ KS Tiepixspacecraft payload in open space on boardffieba+ &l 6 St A0S F2NJ 6ARS NIy3IS NI |
Planetary and Space Scied@5, pp. 114129, ISSN 0032633 (2016).
https://doi.org/10.1016/j.pss.2016.03.009

Timepix

A 256 x 256 pixels 12 years of successful radiation
pixel pitch 55 pm i i .
A Energy measurement m0n|t0r|ng N LEO

in each pixel
A SensorSi 300 pm

SATRAM

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

Space:Application of Timepiggzmm
Radiation Menito(SATRAM) B

A FirstTimepixin open space 10 x times lower mass
A Power consumption a2.5 W budget than space

environment monitors
A Total mas$80 g(107 x 70 x 55 mm)

with similar capabilities]

A Platform technology demonstrator

ProbaV

A Minisatdlite (158kg)

A Altitude ~820km (LEO)

A 101.21minutesorbit duration
A Inclination 98.8

A Sunsynchronous

A Launched 7th March 2013

16 March 2026 ELIMED 2026 8



Radiation-environment in LEO

Trapped particles

Rotation axis M tic axi
11 | agnefic axis Ep < 400 Mev
Trapped protons and \ ! Ee <7 MeV
inner electron belt ".. I_
A \ i
‘-\ .. _

%
% L
LY L1

Outer electron belt - Vo

N\
L
i

~ . Cyclotron motion

Bounce
motion

Proton drift motion Y .
Mirror pomnt Electron drift
f motion

Magnetic field line/ guiding center
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Protons
Energy =10 MeV

Electrons
Energy > 0.5 MeV

Horns

Quter beit

Inner belt Slot

Mauk, B.H., Fox, N.Xanekal S.G. et al. Spa&ziRev (2013)
179: 3. 9



Radiation-environment, int LEO

Dynamics offthe-radiation-belt structure

EPT Fluxosltl(cm“z S Sr MoV)] for: Eloctrons 500- 600 koV and L = 0. 021‘Dst+7 9

9 10

Radiation belts structure
highly dynamic.

A Solar Flares

- 10*

A Solar Particle Events ¢

A Interplanetary shock - *
waves
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geomagnetic storms observed by PROBA

V/Energetic Particle Telescope from 2013 to

2 0 1 9agurnal of Geophysical Research: Space 1

Physics125, e2020JA028487 (2020). o [\ » o> ‘,.\"

https://doi.org/10.1029/2020JA028487 o o & oS o & Pl 4
N\ N\ N\ N\ N\ N

1/
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https://satram.utef.cvut.cz/

—— Particles flux Occupancy
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https://satram.utef.cvut.cz/

SATRAM - Average dose rate 2015-2018 (mGy/h) - Orbit: 820 km

A Dose rate—

A Max. dose rates ~20 uGy/s
A Annual average dose: 22.3
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Latitude [*]

Transient-effect
Solarproton -
event (SPE) -
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dE/dX-and particle classi

Counts
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Electron-and proton flux; maps

Global proton flux distribution in 2015

e fluxes 3 orders of magnitude large

than p* fluxes

Even small amisclassification distc
p* flux measurement

60 =
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Global electron flux distribution in 2015
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Advances in Space Resedd@hlssue 5, pp. 1646660

(2019)

15



Incident particle:energy: reconstruction
usingd& dXunfolding

Solvedby
Response Matrix ‘ v e e
- ~ . Ye(©O B O
n( )_ R¢( ) Typicalunfoldingcodes

_ \ A Matrix inversion
Particle Spectrum A Richardson Lucy

A Golddeconvolution

MeasureddEdx Spectrum . .
> 2 =P A Bayesian unfolding




dE'dXunfolding:

ASimulatedn
omnidirectionalparticle
field for e (E.< 6 MeV)
andp* (E,< 400 MeV)

AMethodologyverification
IN monoenergetigroton
beams

SNEINVAWIENY) 125 175 225
- (MeV) 17 25 42

Resolutionaveragedver polaranglesof O,
45, 70 and 8%legrees
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Application:to-measured SATRAM:dat

4.0
First time proton spectrum
- — 3.5 : :
- n 1 measurement with singkayer
s %301 device in LEO
2 |
D 2.5
a0l b o N s
Longitude [°] |m 2 0 _
22,784 frames of IS (teqs= ~46 pwere 7, 5 | _I,
found in the selected geographic region ir E ' —I—
the years 2014018. = 1.0 -
. T T
Singlelayer electron spectrum 0.5 -
reconstruction remains a key challenge
for future development 0 25 50 75 100 125 150 175

Primary Energy [MeV]
Bergmann et allnstruments2024,8(1), 17;https://www.mdpi.com/2410390X/8/1/17
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GCR Measurement with. SATRAM

Latitude [?]

Z .
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10 @ R
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El 104 : GCR are mostly mlnlmum § (dE/dX), .. = 2.99 MeV cm’ g
1 @ i 3 (dEldX)MPV’3=7.28 MeV cm? g
5 1 ‘ |0n|2|ng partlcle$ ~ 1 § (AE/X), . = 1821 MeV em’ '
¥ ! : : (dE/dX) ~ =28.28 MeV cm® g’
R o 2 i A dE/ dX Z i § (dE/dX), " - = 37.27 MeV e’ g'
o 103 L i ! (dEldX)MPV7_46.56 MeV em® g
o = (dE/dX) . = 64.73 MeV em’g?
L, ® = (dEldX) oy = 95:18 MeV em’ g
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2507 C
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shielded by Earth  §™ ey -, s - ;
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AnaIySIS IS 0n90|ng 0F : | \ | : | | : | \‘ | \: [ ‘ \‘ [ ‘ ‘ \ [ ‘ | | ‘ MI
NIRRT Ll 0 20 40 60 80 100 120 140 160 180 200

"P e mberx Stopping Power dE/dX [MeV/cm?/g]
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R W |orizon 2020 This project has received funding from the European
PO F1iropean Union Funding Union's Horizon 2020 research and innovation
0t for Research & Innovation programmeunder grant agreement No 862044.

X.Wuet al.,Penetrating Particl&Nalyze(PAN)Adv. Space Res. 63, 8, 2672
2682 (2019ttps://doi.org/10.1016/j.asr.2019.01.012

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

Development of ademonstrator
penetrating particle analyzer
(mini.PAN)for deep space:missions
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https://doi.org/10.1016/j.asr.2019.01.012

Mini.PAN Expected performance:

 n
50 : : : : P p L : : N i
S BepaTess T TR

—— “He

....................................

to[Sithickness 150 ym b

Pos; resolution 2 im: : g

Radiator
35

30

25

AE/E [%]

TOF 20

: R R i ;
0" 1 10
Kinetic energy per nucleon [GeV/n]

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

Interface

plate Tracker module Mini.PAN~10 kg, ~280 W
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Mini.PAN

Magnetsectors

Ring, aluminium

Permanent magnet
block,NdFeB

120 mm
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Mapping the Bfield strength



Mini.PAN
Pixeldetector prototype

Tra,c ki n g m Od U |es for functionaltesting
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