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' i \_J Imaging the Unseen

¢ High-resolution ragiiation metiiter MAPHTPXSpacen JosySatrin
MiiniP ) TPX3 Spacea adiatiominagi/spectrometny/particle tragkingi inwiite sapge
MOTIVATION

Industry driven development

Deployment: elecommunicationsatellites internet from orbit
Exploitation/application of Timepix/3sensitivity/resolving power
Miniaturized COTElectronics low-power, low-mass, roomtemp

Advancedradiation techniques detection/imaging/ particle tracking

Technology ransfer::CERNNEAP §Tdpacei industry/commerciapplications
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N sateliite @perations Ratliationeffects

on spacecraff components,citectiteelectronic conponents MOTIVATION

Mmﬁm afmlts. mmm entfﬁmms Increasingly important due to

miniaturization and increased complexity

. .. (and fragility) of space
(; Total 1oniZzing dose (T|D) systems/satellites/components/COTS

C Total nonionizing dose (TNID), displacement damage dose
(DDD)a Norrionizingenergy loss (NIEL)
C Singleevent effect (SEE)
Also

C mechanical/physical degradation of materials, surfaces, chargetg,

ANDVACGCAM One Web JoeySat MPX WRMISS, DLR#429.2025  Carlos Granja, ADVACAM 7
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a ADVACAM
\\\\( esa Imaging the Unseen

¢ High-resolution ragiiation meriiter MPXoan desySat ifdEO
MiiniP ) TPX3 Spacea adiatiominagi/spectrometny/particle tragkingi inwiitde sapge

Highresolution & wide-dynamic range
radiation characterization & monitoring
telecommunication satellite (space industry)
In variable orbit (LEO 6061200 km) with

miniaturized low-power radiation detector

MiniPIX Timepix3 Space

vacuum operation/room temperature

ANDVACGCAM One Web JoeySat MPX WRMISS, DLR#429.2025  Carlos Granja, ADVACAM 8
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(gtt] NDVACAM

Imaging the Unsee

N One Wieh, LKERE O oneweb

: : : - Radiation effects studies with higihes rad monitor
Expetimentdlmicresaiellite JoeySat LEOD60200 km o . o o
| g - Radiation environment data, composition characterization

-l AYAGSR R2¢yftAY]l RIFEGF NYGS

Goa_lS/taS_kS: higlﬁresol.u_tion dataon o - Miniaturized low-power COT$nstrument
C Mixed-ield composition characterization - Payload technology demonstrator 10Dt Timepix3 in
C Particle fluxes: total, partial, directional space/on spacecraft
Dose rates: total, partial : . SPACEX
< P Micro-satellite JoeySatOne/\Web -

C LET spectra, Directional fluxes, wide FoV

Launchz20 May 2028, <SpaceX.Falesn telecammmmxzaimﬁﬁmﬂenmet firom @rlit
( N

LAUNCH #19 < S_‘

JOEYSAT
BEAM HOPPING INTO THE FUTURE

K @ esa % XéES[\PlégE | ‘ ' Airtfs Space & Defense, FR

/ MiniPIXTP;fi ' OneWeb Satellites, USA
NANDVALCAM One Web JoeySat MPX WRMISS, DLR429.2025 Carlos Granja, ADVACAM 9
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V. Colas One Web, L. Marek, C. Granja, ADV, 2022

MPX RADIATION MONITOR () Oneweb ADVACAM

LAUNCH #19 < 5_‘ Telecommunicaiion: sateltidoeysat
JOEYSAT el Launchet: to EE@0600rkivMay 2023
BEAM HOPPING INTO THE FUTURE + transfer tto 12200« kfnzOZdl. ﬁ@

Lesa NGRS 4
on board JoeySat MPbadmon payload (ADV) ,
+ interface/computer (OC) + SOCAN bus (OW &

JoeySaFLIGHT MODEL MOUNTED EXTERNALLY (Mx PANEL)
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CELEY O oledcom
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@ OneWeb

Control computer
data handling

MiniPIXTimepix3 Space
s UART/LVDS interface
Control/DAQ/interface to sat bus
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One Wegh)deeySah inicrosdirliies dadiatiamenvinenmenichaxacierizatiqp
High-resolution radiation metiiter, pattidlettracker ADY NWHRX TMPX3 Space)T€OTS

J. Jakubek, L. Marek, C. Granja, ADVACAM, Prague 2C

Lal Ly ADVACAM

maging the Unseen

A |<$hhi
MPX for OW JoeySailiniPIX TPX3 SPACEmMepix 3ASICchip,nin XY { A a 85;) a! éﬂN ' y n

Timepix3
p nn

NADVAGCAM

To suppressow-energycomponents

@al-éé F mon 3I 6St SOU0NRYIMIAMeY dectBris

t26SNJF H 2 A <35 MeV protons
Size: 100 mnR26 mm P21 mm A <keV X rays, plasma, UV

TPXZXhip frame mode two temperature settings
per-px energy ToT) + counting (CNT) embedded §20c +50)
Activeautomatic tuning of frameacqtime

Low hitpx occupancyd, high-res data JoeySatimited data rate24 MB/day

MPX TPXBx matrix: 256R256 LJE Q

N N
=3 o
=3 =}

14 mm
R e

Y [px]

per-px energy [keV]

g

o

50 100 150 200 250
X [px]

o 2F GKS LIE YI
¢ YIalSRk27FF¥F
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J. Jakubek, ADVACAM, Prague 2023

NASAESA unar SppacstStaiioGaieway YY) /\DVACAM

Ewrepean ntemabbeshmetrn AsadDA: MiniPIX TPX3 SPABGEPayload IDA-MPX o

\C(I IDAMPX

Timepix3  --a=-----""77 |
pnn XY é)\f‘h

-
......
-~

ANDVALCAM

Mass = 120 g
Power =2 W

MiniPIXTimepix3

Space
One Web JoeySat MPX WRMISS, DLR42.2025 Carlos Granja, ADVACAM 12



OnelebloeysatMPX dlata

MPX TPX3: highes radiation data in wide range and higlliscrimination

MPX physics data CtNRG2YyayYy |0620SF F nn a
. . C lons: above* 50 MeV/u
C Radiation field composition3x broad classes ; COot SOGNRBYAMeV 620SF F o

A Protons, ions C Xrays, lowenergy gammas*: 8 ke\¢ 30 keV
A HE electrons + lovenergy gammas

MPX on JoeySat: radiation response

A X rays, (partly) lonenergy electrons * = 5 mmAl shield

C Particle fluxes: total, partial (2x classes) _ _
A On detector, time plots TPX3 settings, MPX operation duty cycle
A Along orbit, GPS maps C TPX3 in frame mode, pgrx TOT+CNT

C Dose rates: total, partial (2x classes)
A On detector, time plots
A Along orbit, GPS maps

C Measure the rad field at leasbnce per minute
C 2x sampling frame#\, adjust frameacqgtime
C 1x radiation data frame

C LET spectra, dep energy spectra: total, partial ChOSNItf at- Rdzie Tt OG2
A On detector, time plots
A Along orbit, GPS maps Raw data
C Deposited dose, total, partial, detailed timantegrated C MPX TPX3 radiation data
A On detector, time plots C MPX meta (framecqtime, hit-px occupancy,
A Along orbit, GPS maps 0§SYLISNF G0dzZNBZ XU
C Detection & track visualization of radiation field C JoeySat navigation stamp (UTC, GPS, attitude)

One Web JoeySat MPX WRMISS, DLR429.2025  Carlos Granja, ADVACAM 13



o Timepid: datacguéatiyeEqquatitiiyd- particle eount raies ADVACAM

MAXIMUM PARTICLE FLUXES ON DETHEriR Pcm? Rsect]

Forsingleparticle detection highresolution spectrometry (energy loss)particle tracking in wide FoV
A particle-type resolving powey full data highres widerange physics products

Radiation/particle species F Oc(perp) F 90c(para||)

Electrons, LE gamma rays

Protons, ions ES5 E4 E3
X rays E7 E7 E7

Integrateddetection, limited counting, minimum/no tracking, good integrated dosimetry

Radiation/particle species F Oc(perp) F 90c(parall)

Electrons, LE gamma rays

Protons, ions E7 E6 ES5
X rays E9 E9 E9

One Web JoeySat MPX WRMISS, DLR429.2025  Carlos Granja, ADVACAM 14



¢ High-resolution ragliation meriier MPXoandesySat itd.EO

~ e . . : NADVACAM
MiniP I TPX3E bpacea tadiatiomingaging/spestremetpy/ paticle: tiaeking

DPE /TraXEgine= Data processing toolkit & ¢ experimental inbeam calibrations

C Detector ASIC chigensor response matrices

experimental database for Timepix detectors:¢ Preprocessing, patternecogalgort, AVML
TPX, TPX3, TPX2

Detector data <]
processing

PostLINE OSaaAy3az al uaStf A

One Web JoeySat MPX WRMISS, DLR42.2025  Carlos Granja, ADVACAM 15




N MPX atiationrmonitorcon JogySat it DEGLGOA km

=7 mm

128px

L. Marek, C. Granja, ADV, 2024

() Oneweb ADVACAM
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Detection of space radiation in LEO 600 Km
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2. Spectral visualization of tracksy single particles Data: Nov 2023
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N High-resolution ragiiation imeriiter MPXoen deeySat imh.EO

. e . . : NDVACAM
MiiniP - TPX3 bpacea tasliatiomipaging/spectremetpyparicle tiacking imaging the Unseen

C Physics data products

A Particle fluxes A Time plots
A Dose rates A Earthorbit maps

Caz2zl0KSNXa 51F& {2fl] NJ .
A 10-11 May 2024 LEO 600 km
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