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DOSIS & DOSIS 3D onboard the ISS
Status and Science Overview from 2009 - 2018
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DOSIS & DOSIS 3D: Science Team
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DOSIS & DOSIS 3D: Columbus
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DOSIS & DOSIS 3D: Scientific Goals

The main objective of the DOSIS & DOSIS 3D experiment is the
determination of the absorbed dose and dose equivalent using a variety of

active and passive radiation detector devices distributed throughout the
ISS.

= Monitor the radiation environment inside Columbus with active and passive
radiation detectors for the determination of the temporal and spatial dose
distribution

» Combine data gathered by NASA, JAXA, IMBP into a 3D radiation map of the
International Space Station
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DOSIS & DOSIS 3D: Active detectors (2 x DOSimetry TELescope)

Dosis Main Box
DOSIS-MAIN-1-001

DLR
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Ethernet connection to EPM rack "Right Utility
Distribution Panel®

= DOSIS-MAIN-BOX connected to EPM LAN like an
external EPM instrument

» Data downlink is an EPM operation from ground
performed once per month over CADMOS — COLCC
— MUSC - Scientists

= Up to July 2018: 71 data downlinks (DOSIS 3D)
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DOSIS & DOSIS 3D: Passive Detector Packages (PDP)

Thermoluminescence Nuclear Track Etch
detectors (TLD) / OSLD Detectors (CR-39)

First usage of LiF (Lithiumfluoride) for the Material : CR-39 = allyl diglycol carbonate
measurement of radiation following an

atomic weapon test Heavy charged particles break chemical
bonds in the material.This trail can be
Measurement of internal radiation dose made visible by etching the material.

received by cancer patients treated with
radioactiv isotopes at Oak Ridge Institute R. P. Henke and E. V. Benton, Nucl.Instr.Meth. 97
for Nuclear Studies (1971) 483-9

F. Daniels Science 117, 343, 1953

TLD/OSLD + CR-39 > Absorbed dose + Dose Equivalent
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DOSIS & DOSIS 3D: Passive Detector Packages (PDP)

W
FAR BEYOND THE SHIELD OF EARTH'S ATMOSPHERE,
ASTRONAUTS AND THEIR EQUIPMENT EXPERIENCE MUCH
HIGHER RADIATION LEVELS THAN AT HOME. DOSIS 3D IS AN
ONGOING EXPERIMENT TO MAP AND RECORD RADIOACTIVE
PARTICLES WHICH PASS THROUGH THE SPACE STATION.
COLUMBUS HOSTS ELEVEN PASSIVE DOSIMETERS, EACH THE
SIZE OF A PACK OF CARDS. TODAY, WE FOLLOW THE
INCREDIBLE ESCAPADES OF ONE OF THESE VITAL DEVICES!
BUCKLE YOUR SPACE-BELTS FOR:

LARRY THE DOSIMETER'S

EPIC SPACE ADVENTURE!

#COLUMBUSIOYEARS @esa & ED GRACE
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https://twitter.com/esaspaceflight/status/1024685877635817473
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DOSIS & DOSIS 3D: PDP Positions

Columbus coordinate system [cm]

Colun.1bus Related Position

Location Rack X Y Z

Star Cone - Behind bend in right cone structure Aft 681 -57 0

A4 UIP HRF 2 Left side on UIP next to Vacuum connector Aft 665 -123 -93
F4 UIP HRF 1 Left side on UIP next to Vacuum connector Forward 570 123 -93
B1 HRF 1 HRF 1 Front panel of Cooling Stowage Drawer Forward 600 104 60
A3 EPM EPM 410 mm left from upper right edge Aft 463 -104 93
A2 UIP BLB Left side on UIP next to Vacuum connector Aft 436 -123 -93
02 UIP - Left side on UIP next to Vacuum connector Aft 436 -101 106
F1 UIP EDR Left side on UIP next to Vacuum connector Forward 243 123 -93
F1 EDR EDR 77 mm left from upper right edge Forward 333 104 93
End Cone - On PBA Cover Forward 221 95 85
DOSIS-MAIN-BOX EPM On the left side of the DOSIS-MAIN-BOX Aft 516 -116 -60
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DOSIS & DOSIS 3D: PDP Positions
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DOSIS & DOSIS 3D: PDP Positions
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DOSIS & DOSIS 3D: Timeline
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DOSIS & DOSIS 3D: Timeline - Active

Experiment Detector

DOSIS
(Active)

DOSIS 3D () [l
(Active) DOSTEL-2

Timeline Measurement period Data ISS altitude
[days] [km]
Launch ( STS-127) July 15, 2009
Installation July 18,2009
DOSTEL-4  Activation July 18,2009 July 18, 2009 - May 28, 2010 290 337-350
Retrieval April 21, 2011
Return (Soyuz-25S) May 24, 2011
Launch ( STS-127) July 15, 2009
Installation July 18, 2009
DOSTEL-2 Activation July 18, 2009 July 18,2009 - June 16, 2011 645 337-375
Retrieval June 17,2011
Return (STS-135) July 21,2011
Launch (Soyuz-30S) May 15, 2012
_ May 21, 2012 - August 19, 2018 2281
Installation May 21, 2012 398-418
o May 21, 2012 — August 16, 2018 2278
Activation May 21, 2012

(*) up to 73 data downlink performed August 23 2018
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DOSIS & DOSIS 3D: Timeline - Passive
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Experiment

DOSIS

(Passive)

Timeline Duration Installed Installed ISS altitude
[days] [days] [%] [km]

Launch ( STS-127) July 15, 2009

Installation July 18, 2009

Retrieval November 21, 2009 136 127 93 339-348

Return (STS-129) November 27, 2009

Launch (STS-129) November 16, 2009

Installation November 21, 2009

Retrieval May 18, 2010 191 178 93 337-349

Return (STS-132)

May 26, 2010
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Experiment

DOSIS 3D

(Passive)

. Duration Installed Installed ISS altitude
Phase Timeline 0
[days] [days] [%] [km]
Launch (Soyuz 30S) May 15, 2012
Installation May 21, 2012
1 Retrieval September 11, 2012 125 113 90 397-417
Return (Soyuz 30S) September 17,2012
Launch (Soyuz 32S) October 23, 2012
Installation October 27, 2012
2 Retrieval March 13, 2013 144 137 95 407-416
Return (Soyuz 32S) March 16, 2013
Launch (Soyuz 34S) March 28, 2013
Installation April 03, 2013
3 Retrieval September 06, 2013 167 156 93 409-417
Return (Soyuz 34S) September 11, 2013
Launch (Soyuz 36S) September 25, 2013
Installation October 01,2013
4 Retieval March 06, 2014 167 156 93 413-418
Return (Soyuz 36S) March 11, 2014
Launch (Soyuz 38S) March 25, 2014
Installation March 28, 2014
5 Retrieval September 05, 2014 170 161 95 413-417
Return (Soyuz 38S) September 11, 2014
Launch (Soyuz 408S) September 26, 2014
Installation September 27, 2014
6 Retrieval March 09, 2015 167 161 96 401-416
Return (Soyuz 408S) March 12, 2015
Launch (Soyuz 42S) March 27, 2015
Installation March 28, 2015
7 Retrieval December 10, 2015 259 256 99 398-405
Return (Soyuz 43S) December 11, 2015
Launch (Soyuz 45S) December 15, 2015
Installation December 18, 2015
8 Retrieval June 15, 2016 186 161 97 401-405
Return (Soyuz 458) June 18, 2016
Launch (Soyuz 47S) July 07, 2016
Installation July 09, 2016
9 Retrieval October 26, 2016 115 109 95 401-406
Return (Soyuz 47S) October 30, 2016
Launch (Soyuz 49S) November 17, 2016
Installation November 21, 2016
10 Refrieval June 01, 2017 197 192 97 403-406
Return (Soyuz 49S) June 02, 2017
Launch (Soyuz 51S) July 28,2017
Installation July 30, 2017
" Retrieval December 12, 2017 139 135 97 404-405
Return (Soyuz 51S) December 14, 2017
Launch (Soyuz 53S) December, 17,2017
Installation December 20, 2017
12 168 161 96 403-405

Retrieval
Return (Soyuz 538S)

May 30, 2018
June 03, 2018
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DOSIS & DOSIS 3D: Solar Cycle

I5ES Selar Cyele Sunspot Number Progression
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DOSIS & DOSIS 3D: Timeline / ISS Altitude / S, / Oulu NM
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DOSIS & DOSIS 3D: PDP - Results
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DOSIS & DOSIS 3D: PDP - Results

T

Berger et al. SWSC 6, A39, 2016

Experiment Phase  Timeline Duration Installed Installed ISS altitude
[days] [days] [%] [km]
DOSIS 1 July 15, 2009 - November 27, 2009 136 127 93 339-348
(PERTE 2 November 16, 2009 — May 26, 2010 191 178 93 337-349
1 May 15, 2012 — September 17, 2012 125 113 90 397-417
2 October 23, 2012 — March 16, 2013 144 137 95 407-416
3 March 28, 2013 — September 11, 2013 167 156 93 409-417
4 September 25, 2013 — March 11, 2014 167 156 93 413418
5 March 25, 2014 — September 11, 2014 170 161 95 #3417
DOSIS 3D 6 September 26, 2014 — March 12, 2015 167 161 96 401-416
(PR 7 March 27, 2015 - December 11, 2015 259 256 99 398-405
8 December 15, 2015 - June 18, 2016 186 161 97 401-405
9 July 07, 2016 — October 30, 2016 115 109 95 401-406
10 November 17,2016 - June 02, 2017 197 192 97 403-406
1 July 28, 2017 — December 14, 2017 139 135 97 404-405
12 December 17, 2017 — June 02, 2018 168 167 96 403-405
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DOSIS & DOSIS 3D: PDP - Results - Publication
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DOSIS & DOSIS 3D: PDP - Results (Selected)
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Rest of the data unpublished: For information please contact
Thomas Berger (thomas.berger@dlr.de)
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DOSIS & DOSIS 3D: DOSTEL - Results
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Berger et al. SWSC 7, A8, 2017
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DOSIS & DOSIS 3D: DOSTEL - Results - Publication
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DOSIS & DOSIS 3D:
Active Detector Comparison
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DOSIS & DOSIS 3D: Comparison =2 ISS-RAD / D3D-DOSTEL
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September 2017 as observed on-board the International Space Station (ISS). Space Weather, 16, https://doi.org/10.1029/2018SW001920
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DOSIS & DOSIS 3D: Comparison =2 ISS-RAD / D3D-DOSTEL
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Key Points:

« A solar particle event—also seen as
GLE 72 on Earth—was measured in
September 2017 inside the
International Space Station

- Data were provided by two detector
systems, DOSIS 3D-DOSTEL and
ISS-RAD, both in close proximity to
each other in the Columbus
Laboratory

« The additional absorbed dose due to
the 10 September 2017 solar particle
event was in the range of 67.8 to
1462 pGy in Si
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The Solar Particle Event on 10 September 2017 as observed
onboard the International Space Station (ISS)
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Abstract The nominal radiation environment in low Earth orbit, especially for the International Space
Station (ISS), is dominated by two sources. The first is galactic cosmic radiation, which is modulated by the
interplanetary and the Earth’s magnetic fields, and the second is trapped radiation in the form of the Van
Allen belts. The trapped radiation inside the ISS is mostly due to protons of the inner radiation belt. In
addition to these sources sporadic solar particle events (SPEs) can produce high doses inside and outside the
ISS, depending on the intensity and energy spectrum of the event. Before 2017, the last SPE observed inside
the ISS with relevant radiation detectors occurred in May 2012. Even though we are currently approaching
the next solar minimum, an SPE was observed in September 2017, which was (a) a ground-level
enhancement, (b) measured with various radiation detector systems onboard the ISS, and (c) observed on the
surface of Mars. This paper gives an overview of the 10 September 2017 SPE measured with the DOSIS
3D-DOSTEL and the ISS-RAD (Radiation Assessment Detector) instruments, both located at this time in close
proximity to each other in the Columbus Laboratory of the ISS. The additional dose received during the SPE
was 146.2 uGy in Si as measured by ISS-RAD and 67.8 uGy in Si as measured by the DOSIS 3D-DOSTEL
instruments. In comparison, the dose measured on the surface of Mars with the Mars Science Laboratory-RAD
instrument accounted to 418 pGy in Si.

Plain Language Summary Severe solar particle events can be the source for deterministic radiation
effects on humans, commonly summarized under the term “radiation sickness.” We examine the evolution of
the solar particle event from 10 September 2017, which was the first event since May 2012 seen inside the
International Space Station. Radiation dose values are provided by two instruments (DOSIS 3D-DOSTEL and
ISS-RAD) positioned in close proximity to each other in the Columbus Laboratory.

Semones, E.; Hassler, D.M., Stoffle, N., Zeitlin, C. (2018). The Solar Particle Event on 10

September 2017 as observed on-board the International Space Station (ISS). Space Weather, 16, https://doi.org/10.1029/2018SW001920
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DOSIS & DOSIS 3D: Comparison - DE-8 / D3D-DOSTEL

Berger, T, et al. A comparison of radiation
measurements performed with the DOSTEL and
the DB-8 silicon detector systems onboard the
International Space Station

In preparation for re-submission to Life Sciences
in Space Research
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DOSIS 3D: Comparison - R3DR2 / D3D-DOSTEL

Berger, T., Dachev, T.P., Burmeister, S., Matthia, D., Przybyla, B.,
On the comparison of radiation measurements outside and inside
the International Space Station (ISS)

In preparation for Life Sciences in Space Research




www.DLR.de « Chart 30 > DOSIS & DOSIS 3D < Thomas Berger > WRMISS-23 > 04 - 06 September 2018, University of Fukui, Tsuruga, Japan

DOSIS 3D: Comparison = TRITEL / D3D-DOSTEL

WORK IN PROGRESS
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DOSIS & DOSIS 3D: DLR GEANT4
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Key Points:

« In September 2017 a solar particle
event was recorded as GLE by
neutron monitors and also measured
by several space-borne detectors

« Proton spectra during the event are
derived from GOES data and
validated through comparison to
neutron monitor measurements

+ Dose rates are derived for different
exposure scenarios in space and
aviation. The results are compared to
measurements, where available

Supporting Information:
« Supporting Information S1
« Figure S1
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The Solar Particle Event on 10-13 September 2017: Spectral
Reconstruction and Calculation of the Radiation

Exposure in Aviation and Space

Daniel Matthia’

, Matthias M. Meier’ ("), and Thomas Berger’

'German Aerospace Center (DLR), Institute of Aerospace Medicine, Cologne, Germany

Abstract The solar energetic particle event on 10 September 2017 and on the following days was the
strongest event in recent years. It was recorded as ground level enhancement 72 by neutron monitor
stations on Earth and measured by a number of instruments in space. One aspect of such a space weather
event is the potentially increased radiation exposure in aviation and space. Numerical simulations can help
estimate the elevated dose rates during such an event; a critical aspect in these simulations is the description
of the primary particle spectrum. In this work, we present 1-hr averaged proton spectra during the event
derived from Geostationary Operational Environmental Satellite measurements and described by two
different analytic functions. The derived proton spectra are used to calculate the radiation exposure in
aviation and different space scenarios: low-Earth orbit, interplanetary space, and Mars surface, and the results
are discussed in the context of available experimental data. While the results indicate that in most of these
scenarios in aviation and space the event was of little significance compared to the total exposure from
galactic cosmic radiation, the skin dose in a lightly shielded environment in interplanetary space may have
reached about 30% to 60% of the NASA 30-day dose limit.

Matthia, D., Meier, M. M., & Berger, T. (2018). The solar particle event on 10-13 September 2017: Spectral
reconstruction and calculation of the radiation exposure in aviation and space. Space Weather, 16.

https://doi.org/10.1029/2018SW001921
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DOSIS & DOSIS 3D:
DATA VIEWER
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DOSIS & DOSIS 3D: Data Viewer
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DOSIS & DOSIS 3D: Data Viewer
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DOSIS & DOSIS 3D: Data Viewer
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DOSIS & DOSIS 3D: Data Viewer
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DOSIS & DOSIS 3D: Data Viewer

—— - - — E=nn= M
Q@!@ https://dosis-3d-data-viewer.thinkspaceconsulting.com/ P-adc | & DOSIS 3D Data Viewer x - {5 3
% & Konvertieren . &5 Auswahlen o -
DOSIS MAIN BOX:
ACTIVE DOSTEL SENSOR

| Select a Date Range between May 21,
2012 and April 21, 2018 to display the
DOSIS Active Sensor Data.

Start date: [2013-03-01 x|

End date:|2015-03-16 |

Submit

& warenn  THINKSPACE

DLR fiir Luft= und Reurnlahrl

DLR



https://dosis-3d-data-viewer.thinkspaceconsulting.com/

www.DLR.de < Chart 38 > DOSIS & DOSIS 3D + Thomas Berger > WRMISS-23 > 04 - 06 September 2018, University of Fukui, Tsuruga, Japan

DOSIS & DOSIS 3D: Data Viewer
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DOSIS & DOSIS 3D: Summary and Outlook

o DOSIS & DOSIS 3D:

o DOSTEL-1 2512 days of data
o DOSTEL-2 2864 days of data

o DOSIS & DOSIS 3D:

o DOSIS 2 long term PDP exposures

o DOSIS 3D 12 long term PDP exposures
PDP XllI currently onboard ISS
(installed 11 June 2018)

o DOSIS 3D:

o Into depth comparison of data (as given before) is in
progress / publications are in work

o Data Viewer as Proof of Concept implemented
https://dosis-3d-data-viewer.thinkspaceconsulting.com
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