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Overview

© VZLUSAT-1 mission

© The launch

© Solar X-Ray observations
@ Entire Earth dosimetry

© SAA and Polar Belts Scanning
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VZLUSAT-1 mission [Urban et al., 2017]

X-ray optics

Mission parameters
@ 2-U cubesat (expands to 3-U) e —
@ part of the QB50 mission HKR oo

HM board

Deployable
Solar panel

@ approx. 510 km polar SSO

- Measure
@ technological demonstrator board
XRB diodes

@ material properties of RHCC

@ novel sensors for health e
monitoring: radiation, X-ray detector
outgassing and temperature Radio

@ custom-built solar panels

Antenna

. . W
@ miniaturized X-Ray
Solar panel
telescope —_—

R

@ the first Czech cubesat
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Aging properties of carbon composite [urban et al., 2017]

Space material properties
o Radiation-hardened carbon composite counter leaver

@ Measurement change eigenfrequencies of the material

Piezo

PT1000

Coil
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Aging properties of carbon composite [urban et al., 2017]

Results

e Carbon fibre material degrades due to the space environment (mainly
due to radiation).

@ The eigenfrequencies decrease, data undergo analysis
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Measurements of volatiles [urban et al., 2017]

Outgassing monitoring
@ Custom Czech-made outgassing sensors J

(o |
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Measurements of volatiles [urban et al., 2017]

Results
@ Long-term monitoring is undergoing.

@ Data are being analyzed.
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X-Ray telescope

X-ray detector X-ray optics
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X-Ray optics [pina et al., 2016]

The optics' parameters The optics module
@ aperture 28 x 28 mm
@ 250 mm focal length
@ 4 — 20 keV energy range
@ 56 glass foils

@ gold-coated
@ thickness 145 um
@ spacing 300 um

0
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The SENSOor boa rd [Baca et al. 2016, Llopart et al. 2007, Vykydal et al. 2011]

X-Ray photon attenuation, 300 um Si

o
S

The Timepix sensor

®
S

300 pm Silicon detector
256 x 256 px, b5 um pitch

photon detection range:
2 - 50 keV 5 10 15 20 25 30 35 40

Energy [keV]

@
]

(<]
&
5

Photoabsorption [%]

n
S

passive cooling

electronically suppressed noise

4

Pixelated 300 um thick Si
detector chip (256 x 256
pixels. 55 yum picth)
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Timepix detector structure

Common electrode

Sensor chip
2l Readout chip
- Motherboard
Bias
voltage

High resistivity
N-type silicon P-type
doping

Solder
bonds Wire bonds
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Distinguishing Particle Types

4 particle types
a) photons
b) electron
c) light ions
He nuclei

d) heavy ions
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Typical use of Timepix

Chopper  4=128cm  t-0174s > v=7.35ms"

Apperture

Figure: Timepix used with a personal computer
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Assembly and testing

Aluminum heatsink

Figure: X-Ray sensor board
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Assembly and testing

Figure: X-Ray optics
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Assembly and testing

Figure: Assembly in VZLU clean rooms
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Assembly and testing

Figure: Assembly in VZLU clean rooms
Tomas Baca (CTU in Prague) Orbital data from VZLUSAT-1 nanosatellite 15.11.2018, Prague 14 /40



Assembly and testing

Figure: Assembly in VZLU clean rooms
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The Launch

Launch dates... were delayed... PSLV rocket
X Latesummerof 2016
X Apri—2017
v June 23rd, 2017

The launch from Sriharikota

90:00:02 . 409
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The Launch

Launch dates... were delayed...
X Latesummerof 2016
X Aprib2017
v/ June 23rd, 2017

510 km SS LEO

Q&a=0
I —— - —
ST ®vzr

2017

*Pilsen I ion

\ 4

PSLV rocket
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Telescope operations - required factors

Remote control of the satellite
@ Uploading measurement plans, automatic data

acquisition

The sensor board inc. Timepix

@ Real time Sun trigger

Attitude control
@ Active orientation control system
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Telescope operations - required factors

Remote control of the satellite
v Uploading measurement plans, automatic data

acquisition

The sensor board inc. Timepix
v Real time Sun trigger

Attitude control
X Active orientation control system
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UV-based Sun trigger

UV Sensors’ apertures

Automatic trigger
@ UV sensor with
3° FOV

@ pinhole aperture

Tumbelling
@ 90 s period

@ the Sun visible
mostly above
poles
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Expected Sun image

Simulated image: X-ray tube + radioactive decay source
Full resolution n.115, 1.0 s exposure, TOT mode, 2016-01-22 16:13:23
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Automated Solar exposures, optics not deployed

First UV triggered exposures
Full resolution n.401, 1.0 s exposure, TOT mode, 2017-08-21 07:57:45
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Automated Solar exposures, optics not deployed

First UV triggered exposures
Full resolution n.402, 1.0 s exposure, TOT mode, 2017-08-21 07:58:24
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Automated Solar exposures, optics not deployed

First UV triggered exposures

Full resolution n.807, 3.0 s exposure, TOT mode, 2017-09-04 21:48:01
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Telescope operation summary

The X-Ray telescope payload results
@ > 100 frames captured with automatic UV trigger
@ no evidence of direct solar X-ray observation
@ images blurred by motion the satellite’s motion
o

ambient radiation levels are too high for photon isolation
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Telescope operation summary

The X-Ray telescope payload results
@ > 100 frames captured with automatic UV trigger
@ no evidence of direct solar X-ray observation
@ images blurred by motion the satellite’s motion
o

ambient radiation levels are too high for photon isolation

Alternative plan

@ background radiation scanning and dosimetry using the Timepix
sensor
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Onboard data processing — available data outputs

Full resolution . Binning 16 Binning 32
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Onboard data processing — available data outputs

Full resolution . Binning 16 Binning 32
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Planetary Dosimetry

Earth
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Planetary Dosimetry

Earth

22/ 40

15.11.2018, Prague
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Planetary Dosimetry

Earth

0 1 2 3 4 5 6 i 8
loglo(Total dose in 14x14x0.3 mm Si) (kev/s)
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Planetary Dosimetry

Earth dosimetry (1/5)

RBF multiquadric (eps=1.0), log10 scale, 30-31.8.2017
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Planetary Dosimetry

Earth dosimetry (2/5)

RBF multiquadric (eps=1.0), log10 scale, 9-10.9.2017

By,

1 I} 1 1 1 1
0.0 0.8 1.6 2.4 3.2 4.0 4.8 5.6 6.4 1.2 8.0

logl0(Total dose in 14x14x0.3 mm Si) (keV/s)

Tomas Baca (CTU in Prague) Orbital data from VZLUSAT-1 nanosatellite

15.11.2018, Prague

23 /40



Planetary Dosimetry

Earth dosimetry (3/5)

RBF multiquadric (eps=0.1), log10 scale, 18-19.9.2017
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Planetary Dosimetry

Earth dosimetry (4/5)

RBF multiquadric (eps=0.1), log10 scale, 27-28.9.2017
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Planetary Dosimetry

Earth dosimetry (5/5)

RBF multiquadric (eps=0.1), log10 scale, 01-02.10.2017
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Deploying X-ray optics

Optic deployed on October 4th, 2017

Optics deployment animation
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Deploying X-Ray optics

The telescope is missing a buffle = Timepix is exposed to space J

Xoray optics

X-ray detector X-ray optics

Deployable
Solar panel

HM panel
HKR board
HM board

Measure
board

XRB diodes
Antenna
Volatiles

X-ray detector

Ml

Radio

0BC

PWR

Solar panel
FIPEX
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Direct exposure to the Sun

Visible light exciting the Timepix sensor

Full resolution n.3756, 0.2 s exposure, TOT mode, 2017-10-16 10:04:26
0
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Direct exposure to the Sun

Visible light exciting the Timepix sensor

Full resolution n.6846, 0.1 s exposure, TOT mode, 2017-11-13 18:55:22
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Direct exposure to the Sun

Visible light exciting the Timepix sensor
Full resolution n.14424, 3.0 s exposure, TOT mode, 2018-01-03 08:14:45
0
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Planetary dosimetry after deploying the optics

9th Earth dosimetry
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Planetary dosimetry after deploying the optics

Additional ambient radiation
@ measured dose increased by 2 orders of magnitude
@ invariant on satellite location above the Earth

@ mostly low-energy electron radiation; =~ 100 keV

7th Earth dosimetry 8th Earth dosimetry
RBF mult\quadrlc (eps=0. 1) log10 scale, 01-02.10.2017 RBF multiquadric (eps=0.1), log10 scale, 10-11.10.2017
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Dosimetry maps after the optics deployment
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Comparison of radiation intensities in LEO

0.1 s acquisition

Full resolution n.19429, 0.113 s exposure, TOT mode, 2018-03-05 15:47:38

300 s acquisition
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South-Atlantic Anomaly Scanning

RBF gaussian (eps=0.1), logl0 scale, 22-27.11.2017
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Combined scanning: SAA + Polar belts

Combined scanning, starting on 04.05.2018 20:00:00
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Comparing with state-of-the

an T T |

g
E

1000)

Latituds

#E=B Max Flue > 100 Mev {om™a™) gt 500.0 km
g

=1

—180 120 -80

o
Longitude

source: NASA (SPENVIS)

source: ESA (SATRAM)

Tomas Baca (CTU in Prague)

Orbital data from VZLUSAT-1 nanosatellite

outer zone

anomaly
inner zone)

source: NASA (SAMPEX)

RBF multiquadric (eps=10e-1), log10 scale, all time
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Variations in the track types
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Track type density maps - full resolution (= 1000 images), [Baca et al. 2018]

Figure: X-Ray/High-energy electrons Figure: lons
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Post-processed reconstruction (/~ 20 000 images), [Baca et al. 2018]
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Publications

[Baca et al. 2016]

Miniaturized X-ray telescope for
VZLUSAT-1 nanosatellite with Timepix
detector
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Miniaturized X-ray telescope for VZLUSAT-1 nanosatellite
with Timepix detector
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Timepin square pixels, 5515 o b

sy adintion, I s suiabe for detecting extatrtestial X ays due o Pt
i caals messing wihot spci coling. T et i o vy he bty of

20 keV. A modifed USB inerfce (deeloped by [EAP t CTU in Prague) i s f fow kel
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detector satellte, We present anboun
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[Baca et al. 2018]

Timepix in LEO Orbit onboard the

VZLUSAT-1 Nanosatellite: 1-year of Space
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Ansriacr: The VZLUSAT- stlle, the first Casch CubeSat, was successully launched on June
23, 2017, 10 2 510 ki Sun-syncheonous. kow-Earh orhit. 1t carres seseral scentfic payloads.
ncluding a Timepix deector i focal plane imaer for the X-Ray elescope onbasrd. The Timepix
detector conteibutes sizificanty 1o the saellite data colection, with more than 25 000 sampling

whl Earth mappings, ecorting radistion doses around the plavet. Further, we show data from
Scans o the Soush Atlantic Anomaly and pola rcston homs, whersthe locstion and sequiiton
time were talored to minimize evert pile-up and parick trck overlap. Since October 2017,
the optcs segment of the cnbasrd X-Ray telescape was deployed, which exposed the Tinepix
detector nshielded o free apen spice, This change prodiced entirely neww obervations namely
of low energy charged partcles and 4 significan iresse of meured partcle flux. We ako
repistred the efects of exposing the sensor o it iniense sunbight, We will sunmirize on the
sl i

e ow-<ost nd ow-powered CubeSatnapostclite,

Kevworos: Space rdition, Radistion moritoring psylosd, CubeSt, Pisel detsctor Timepi.
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Summary (as of June 28th, 2018)

@ 1.5 years in orbit
low cost: under $2M
day-to-day operation from Pilsen, the Czech Republic

most of the onboard systems are operational

> 1 year life expectancy v/

Timepix payload statistics
@ > 26 000 images taken

@ 32x 24-hour whole-Earth dosimetries

(]

100 exposures triggered by the UV trigger

~ 1000 images downloaded in full resolution (the rest post-processed)

°
@ > 70 hours of onboard data processing
@ data compression: 2800 MB (raw data) — 30 MB (downloaded)
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