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HIGH-TECH TRAVELLERS 
FLY TO THE MOON 

The only people to have left Earth’s protective magnetic field are the 24 Apollo 
astronauts who flew to the Moon, leaving the Van Allen Belts behind. Earth’s 

outermost radiation belt reaches up to approximately 58,000 kilometres above the 
surface, after which our planet’s magnetic field falls to zero. From that point onwards, 
there is nothing to protect the human body against cosmic radiation and the charged 
particles continuously streaming from the Sun. Since the Apollo programme, which 
ended in 1975, only unmanned spacecraft have ventured into these deadly regions. 
NASA’s Artemis mission is set to change all that; the US space agency is planning to send 
the first woman and the next man to the Moon on board the Orion spacecraft. To this 
end, the Matroshka AstroRad Radiation Experiment (MARE) will investigate the radiation 
to which this crew will be exposed. DLR medical experts are preparing MARE for its test 
flight – with Helga and Zohar, the first ‘female astronauts’ to travel to the Moon.
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Helga is 95 centimetres tall, weighs 36 kilograms and is made up of 38 slices. Her organs and 
bones are made of plastic material. Helga is clearly not your ordinary astronaut. But together with 
her sister, Zohar, she will make a decisive contribution to space exploration. The two female phan-
toms will sit in the passenger seats of the Orion capsule and be subjected to the exact kind of 
radiation that a human body is exposed to during a flight to the Moon and back.

“Several factors pose a risk to humans in space,” says Thomas Berger, a radiation biologist at the 
DLR Institute of Aerospace Medicine. “Microgravity affects bones and muscles, among other 
things, while the isolation and sheer distance from Earth have a psychological impact. And the 
exposure to radiation can cause both short-term and long-term damage.” For instance, cosmic 
radiation increases the risk of cancer and impaired eyesight. Solar particle events can lead to radia-
tion sickness, with symptoms such as nausea and fatigue. 

On average, people on Earth are exposed to radiation of less than three millisieverts per year – a 
value that includes medical examinations such as X-rays or computed tomography scans. A team 
of scientists including DLR experts measured the radiation exposure during a flight to Mars using 
the Radiation Assessment Detector (RAD) on board the Mars rover Curiosity. In this case, the dose 
was around two to three millisieverts per day! Conducting research into radiation exposure and 
developing and implementing possible protective countermeasures is vital to ensure that astro-
nauts can embark on future missions to the Moon and Mars without damaging their health. 

“MARE will enable us to precisely record the radiation 
exposure of the crew for the first time on such a mission,” 
explains Berger.

Back to the Moon

By ‘such a mission’, Berger is referring to NASA’s plan to 
send people to Earth’s satellite again, 50 years after the 
first Moon landing. While the spaceflights back in the 
1960s were named after the Greek god Apollo, the next 
flights will be made under the name of Apollo’s twin 
sister, Artemis. The name says it all. During the Apollo 
missions, only men travelled through space, whereas at 
least one woman will be on board the Artemis mission. 
Helga and Zohar will fly to the Moon as her representa-
tives in the first flight of the Orion spacecraft from 
Kennedy Space Center. Zohar, which has been provided 
by the Israeli Space Agency, will wear a radiation protec-
tion vest developed by the Israeli company StemRad. The 
German Helga will embark on the journey to the Moon 

Two female phantoms will occupy the passenger seats during Orion’s first flight to the Moon

The sensor-equipped phantom Helga ready for the vibration test at the DLR site in Bremen. 
Helga will measure the radiation exposure during the flight to the Moon. 

The MARE experiment will provide insights into 
radiation exposure in deep space
By Manuela Braun
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without any protection. Both will be equipped with passive and 
active radiation detectors, which will allow the scientists to assess 
not only the radiation, but also the effectiveness of the protective 
vest.

At present, both phantoms are still at the DLR Radiation Biology 
Laboratory in Cologne, where they are being prepared for their 
journey. Slightly hidden away in a little-visited corner of the lab is the 
Matroshka phantom, their male colleague, not currently in use. This 
phantom has been on board the International Space Station (ISS) 
since 2004 and was exposed to radiation not only in various research 
laboratories inside the ISS but also on the exterior. Its final mission 
came to an end in 2011, with Matroshka having spent 310 days in 
the Japanese Kibo module. 

Helga will be one of the first two artificial female astronauts to fly to 
space. “We could have chosen to use a male phantom again, but the 
number of female astronauts is increasing, so we need to bring our 
scientific research into line with this,” says Berger. The first woman 
in space was the Russian cosmonaut Valentina Tereshkova, who flew 
in 1963. Since then, women have been involved in US Space Shuttle 
missions, worked on the ISS and conducted extravehicular activities 
(EVAs). 

Thousands of detectors 

Helga and Zohar simulate the female body’, with its reproductive 
organs and breasts. Preparing the two phantoms for their mission 

requires painstaking, meticulous work. Each of the 38 slices harbours 
multiple sensor locations, in which the DLR scientists will place tiny 
crystals. These are able to store ionising radiation in their crystal 
matrix. Some 1400 sensor locations have to be filled, and a total of 
5600 crystals have to be carefully placed one by one in the right place 
using tweezers and their locations documented. Every single one of 
these passive detectors will continuously absorb the radiation from the 
start of the mission until the return to Earth. Analysis of the crystals 
will yield a three-dimensional representation of the dose distribution 
inside the human body. This will show the levels of radiation exposure 
to bones and organs in different parts of the body during a flight to 
the Moon. These will be supplemented by 16 active radiation detec-
tors. Instead of capturing the total radiation over the entire mission, 
they will measure the current radiation exposure at specific times. This 
will give scientists an insight into the phases of the mission and the 
conditions under which radiation exposure affects parts of the body. 
The measuring devices are installed in the most sensitive organs in 
both phantoms – the lungs, stomach, uterus and among other places, 
the spinal cord.  

Test run for the flight to the Moon

These detectors are powered by batteries, which must not become 
discharged before the mission is complete. After all, the radiation 
biologists will have no way communicating with their measuring 
devices from the ground. Accelerometers within the devices ensure 
that the detectors switch on during the launch. The scientists have 
already carried out successful tests under realistic conditions on the last 

two MAPHEUS flights, a DLR research programme using high-altitude 
research rockets. The researchers also tested the radiation-measuring 
detectors during a flight on a NASA balloon campaign over the South 
Pole.

The phantoms will be handed over to NASA 12 days before the launch 
date. After that, the scientists will only regain access to their experi-
ments once the Orion capsule has descended through the atmosphere 
on parachutes, safely landed in the Pacific Ocean and been recovered. 
“Depending on the launch date and orbit, the mission may last 
between 25 and 42 days – and that is how long our batteries will have 
to keep powering the active detectors, keeping them running and 
ensuring that the data is stored.” 

Helga and Zohar’s journey will take them farther from Earth than any 
astronaut has ever gone before. As it flies past the Moon, the Orion 
spacecraft will gather momentum and only start its return once it is 
70,000 kilometres beyond the Moon. At that point, the two phan-
toms will be almost half a million kilometres from Earth. NASA 
accomplished its first successful unmanned test flight with the Orion 
spacecraft in December 2014. On that occasion, the capsule orbited 
Earth twice before landing in the Pacific Ocean almost five hours later. 
The launch abort system for Orion capsules was successfully tested in 
July 2019. 

The Artemis programme – a new chapter 

The Artemis I mission, which is planned for the last quarter of this year, 
will conduct its first flight around the Moon with MARE on board. 
Whether this launch date is met or delayed depends primarily on the 
progress made in the development of the Space Launch System (SLS) 
– the heavy-lift rocket that NASA is currently developing and testing 
for missions to the Moon. It is intended to be even more powerful 
than the Saturn V rocket that launched the Apollo astronauts towards 
the Moon. Orion’s first manned flight to Earth’s natural satellite is 
scheduled to take place in 2022 – but on this occasion, the passenger 
seats will not be occupied by phantoms like Helga and Zohar, but by a 
four-person crew. They will orbit the Moon as part of the Artemis II 
mission. With Artemis III, NASA is currently planning the next Moon 
landing, which will include a mixed crew and take place in 2024. 
Subsequent Artemis missions are aimed at setting up the Lunar 
Gateway, a permanent space station in lunar orbit, by 2026.

But first it will be Zohar and Helga’s turn. Their mission has already 
achieved its first milestones – the testing of the seating in the Orion 
capsule went without a hiccup, and the structure upon which the two 
phantoms are secured and transported withstood the challenging 
conditions of a rocket launch during a vibration test at the DLR facility 
in Bremen. Since 2019, the ISS crew has been testing the Israeli radia-
tion protection vest – after all, it must be both functional and practical. 
Thomas Berger’s team has been working with the Israeli partner 
company at the laboratory in Cologne to ensure that the vest fits 
Zohar perfectly. “You can only go so far with drawings and designs; 
the reality is something else.” Although Helga and Zohar are made of 
nothing but slices and plastic, their mission must run flawlessly – just 
like it would for astronauts of flesh and blood. 

Manuela Braun is responsible for strategic communications on subjects relating to 

space research and technology.

EUROPE’S CONTRIBUTION TO THE ORION 
SPACECRAFT
The ESA European Service Module (ESM) provides propulsion 
to NASA’S Orion capsule. The composite spacecraft is powered 
by four solar arrays. In addition, the ESM stores the propellants, 
and oxygen and water supplies for the crew. Only at the end of 
the mission does the ESM separate from the Orion capsule and 
burn up in Earth’s atmosphere. 

Germany is financing approximately 40 percent of the ESM 
and is thus the largest European partner. The German contri-
bution is managed by DLR’s Space Administration in Bonn.
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The Artemis I mission with Helga and Zohar to the Moon and back to Earth 
will last a maximum of 42 days

Orion’s first crewed flight to the Moon is planned for 2022

DLR radiation biologist Thomas Berger with the phantoms in the Orion capsule 

Helga and Zohar each consist of 38 slices. DLR scientists have equipped them 
with thousands of radiation detectors.




