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Radiation: Exploration

https://www.nasa.gov/sites/default/files/thumbnails/image/39b_lightning_photo_1.jpg

© NASA

Zhang et al. (2020) First measurements of the radiation 

dose on the lunar surface. Sci. Adv. 6:eaaz1334

https://doi.org/10.1126/sciadv.aaz1334

© CNSA/CLEP

Ehresmann, B.,  et al. (2022) The Martian 

surface radiation environment at solar 

minimum measured with MSL/RAD

ICARUS 

https://doi.org/10.1016/j.icarus.2022.1150

35
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Berger T et al. (2020) Long term variations of galactic cosmic

radiation on board the International Space Station, on the Moon

and on the surface of Mars. J. Space Weather Space Clim.

10:34 https://doi.org/10.1051/swsc/2020028

https://doi.org/10.1126/sciadv.aaz1334
https://doi.org/10.1016/j.icarus.2022.115035
https://doi.org/10.1051/swsc/2020028
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NASA ARTEMIS I
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MARE ON ARTEMIS I
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DEEP SPACE GATEWAY

ORION

Artemis I Mission: 

MARE –

Matroshka AstroRad

Radiation Experiment
https://www.dlr.de/mare_en/

© NASA/LM/DLR

ORION

Two female phantoms Helga 

and Zohar, Zohar wearing

the AstroRad vest
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MARE: on NASA Artemis I mission

https://www.dlr.de/mare_en/


MARE: female phantoms I

https://www.nasa.gov/image-feature/a-full-moon-over-artemis
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MARE: female phantoms II
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MARE: female phantoms III

https://www.nasa.gov/image-feature/a-full-moon-over-artemis
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MARE: female phantoms IV
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MARE: the radiation detectors

Over 6000 passive detectors

per phantom

Active detectors in the organs

(DLR M42)

Active detectors above and 

beneath the vest

▪ Over 1400 measurement points per phantom (over 10.000 TLDs + CR-39 detectors)

▪ Active radiation detectors (DLR M-42) in the lungs, stomach, uterus and spine & front and back

▪ Active radiaton detectors (NASA CAD) at front and back side of the phantoms

© DLR

© DLR© DLR © DLR

Thomas Berger / MARE / 26th WRMISS / Rome, Italy, 5-7 September 2023 
12



MARE: phantoms set-up

© DLR© DLR

ZOHARHELGA
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MARE: TLDs (NASA-SRAG/DLR)
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MARE: … fill me with detectors…

© DLR© DLR
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WORK AT NASA, KSC
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T. Berger et al., The 

German Aerospace 

Center M-42 radiation 

detector—A new 

development for 

applications in mixed 

radiation fields. Rev. 

Sci. Instrum. 90, 

125115 (2019)

https://doi.org/10.1063/

1.5122301

16 x DLR M-42

7 x Helga

9 x Zohar

https://doi.org/10.1063/1.5122301
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R. Gaza et al. The 

Importance of Time-

Resolved Personal 

Dosimetry in Space: 

The ISS Crew Active 

Dosimeter. Life 

Sciences in Space 

Research (2023) 

https://doi.org/10.1016/j

.lssr.2023.08.004

18 x NASA CAD

6 x Helga

12 x Zohar

https://doi.org/10.1016/j.lssr.2023.08.004
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MARE: … and the Moon … and Snoopy

© DLR© DLR
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https://www.nasa.gov/image-feature/orion-comes-home-to-earth

https://www.nasa.gov/image-feature/orion-comes-home-to-earth
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MARE JANUARY 2023
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© DLR

NASA TLD 

Removal

KSC
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© DLR

DLR M-42

Data Read Out

NASA, KSC, 

USA

January 2023
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MARE: TLD Read-Out DLR, Cologne

▪ Helga / Zohar TLDs (DLR/NASA/IFJ)

▪ Helga / Zohar DOSIS 3D PDP 

Packages

▪ Helga / Zohar CR-39 Detector

Packages

▪ Helga / Zohar TLD/OSLD „travel

background“

https://upload.wikimedia.org/wikipedia/de/0/07/SCK-CEN-Logo.svg
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NASA Artemis I: All Radiation Detectors

▪ NASA HERA Detectors

▪ NASA CAD Detectors

▪ NASA RAM Detectors

▪ ESA EAD Detectors

▪ MARE Experiment
▪ DLR M-42 detectors

▪ NASA CAD detectors

U. Straube, T. Berger, M. Dieckmann, The ESA Active Dosimeter (EAD) 

system onboard the International Space Station (ISS). Zeitschrift für 

Medizinische Physik,  (2023). https://doi.org/10.1016/j.zemedi.2023.03.001

N. N. Stoffle et al., HERA: A Timepix-based radiation detection system for 

Exploration-class space missions. Life Sciences in Space Research,  (2023).

https://doi.org/10.1016/j.lssr.2023.03.004

R. Gaza et al. The Importance of Time-Resolved Personal Dosimetry in 

Space: The ISS Crew Active Dosimeter. Life Sciences in Space Research

(2023) https://doi.org/10.1016/j.lssr.2023.08.004

T. Berger et al., The German Aerospace Center M-42 radiation detector—A 

new development for applications in mixed radiation fields. Rev. Sci. Instrum. 

90, 125115 (2019) https://doi.org/10.1016/j.lssr.2023.08.004

https://doi.org/10.1016/j.zemedi.2023.03.001
https://doi.org/10.1016/j.lssr.2023.03.004
https://doi.org/10.1016/j.lssr.2023.08.004
https://doi.org/10.1016/j.lssr.2023.08.004


MARE Team

An international project:

With support from:

With partners from Austria, Poland, Hungary, Belgium, Czeck Republic, Switzerland, Japan, USA:
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I hope you enjoyed

the journey!
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