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Space exploration is no gala dinner. Exploring space is a heroic endeavour for brave people needing preparation and 

support. The consortium eHeroes intends to do all that is possible within the reach of modern science to make sure that such 
heroes will return safely to the Earth after a successful mission. In the words of President Kennedy, this nation should commit itself 
to achieving the goal, before the decade is out, of landing a man on the Moon and returning him safely to the Earth. The last part is 
as important as the first and eHeroes makes it its goal.  

The conditions to be encountered during space exploration vary in time over different scales. The Sun has a cycle of 
approximately 11 years over which the activity of the Sun varies very significantly affecting the whole solar system. At solar 
maximum there are more frequent solar eruptions (called coronal mass ejections) and flares posing serious, quite possibly lethal, 
threats to explorers: the chance is quite high that one such event could cause intense doses of radiation, an event to be prepared 
for to protect the lives of astronauts and the integrity of the instrumentation. At solar minimum, the threats of solar events is lower 
(but still non zero) but unfortunately, the level of cosmic ray radiation is higher posing yet another risk, that of long term exposure 
causing fatigue on materials and exposing explorers to elevated risk of cancer.  

Understanding how threats change in time is far from easy and requires a set of interdisciplinary competences. eHeroes makes 
this its goal, forming a consortium where all these expertises are present. Three main sources of information are needed to obtain 
the best possible characterization of the environment expected during missions of exploration.   

First, data obtained in situ in space provide direct measurements of radiation risks and their variation in time. Second, remote 
observations of the solar events from ground observatories or from space-borne observatories (such as SDO, Proba-2, Stereo and 
many others) provide information on the drivers of the space environment. Third, the models, physics-based or empirical, 
implemented in computer codes and online services provide nowcasting, forecasting or historical information from past events. 
The three elements need to be used together for one obvious reason: none provide a complete picture. In-situ observations are 
very few and far apart. Unlike weather stations dispersed over the whole Earth, we have very few robes in space, typically only 
limited to the near Earth environment. Remote sensing can of course only glimpse at the reality and it is typically limited to the 
relative vicinity of the Sun. Models can bring things together and fill the gaps, provided a solid understanding is informing the 
design.    

The eHeroes project does precisely this: uses data and models of the space environment to provide a complete view of how 
the space environment changes on the scale of days, during an event, and in the long term, over a solar cycle or even from solar 
cycle to solar cycle. Both time scales are crucial for space exploration. An analogy explains the spirit. If planning a trip to an exotic 
island, one first looks at the climate asking the question of what period of the year is the most pleasant to vacation there. But then 
once on the island and planning a trip to the beach one looks at the weather forecast to see if it is going to rain today. The same 
for a trip to Mars, for example. When planning a mission one asks what are the plusses and minuses of launching the mission 
during different phases of the solar cycle. Of course, this is not the only consideration, as others are important too (for example 
orbital convenience, fuel consumption and political ramifications, as was the case for the Apollo project), but it is a key aspect. 
Then, hopefully in the not too distant future, when the mission is ongoing it is important to predict day by day and hour by hour 
what are the conditions in the region where the spacecraft is. Advanced notice can prepare the instruments and more importantly 
the future explorers to take preventive action. 

The example of Mars is a grand goal for the future, but eHeroes focuses on the threats that all types of missions of exploration, 
human or robotic, will encounter in reaching beyond the Earth orbit, to the Moon, to Mars and beyond. eHeroes takes also a 
broader and deeper view by trying to use new and available data, models, theories and computer simulations to further our 
understanding of the space environment. The scope of the project is to characterize the environment in space, to prepare the 
needed information for planning and implementing space missions, manned or robotic.     

The goal outlined above is to prepare the needed tools and data sources to understand and predict the effect of the space 
environment on future planned missions of human and robotic exploration of the solar system. The challenge is summarised in the 
figure above, the Sun provides a source of radiation, energetic particles and solar wind that permeates the solar system. The 
sources at the Sun and their evolution in the solar system are highly variable on short time scales (space weather events such as 
coronal mass ejections, solar energetic particle events and flares) and on longer scales (space climate on scales of the 11 year 
solar cycle and on longer scales over many solar cycles). The impact on the Earth has been the focus of many other projects and it 
will not be considered here again. The focus is entirely on space exploration. 

The strategy of eHeroes is to bring together some of the best expertise in Europe with important international collaborations, 
with the United States and Canada.

Giovanni Lapenta, Coordinator



A huge active region, NOAA AR 2192 was the main space 
weather player in October 2014. When it reappeared after its 
backside transit, its outlook was much less spectacular. Its 
sunspot area was hardly one third of that of its illustrious 
predecessor. Basically, only the leading and trailing portion 
were remaining, with hardly any sunspots in between. The 
group had grown in length, but significantly lost in sunspot 
area. The difference can also be seen in the pencil drawing 

underneath made by Jef De Wit from the Belgian Solar 
Section of the Vereniging voor Sterrenkunde (VVS). 

The trailing portion was the largest spot of the group, and 
many observers mentioned it looked like a bear claw. "Papa 
Bear" was still visible to the naked eye (using eclipse glasses). 
Quite a few ESWW11 attendees took the opportunity to 
observe the group up close and personal.
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A bear’s claw on the Sun

http://www.vvs.be/werkgroepen/werkgroep-zon
http://www.vvs.be/werkgroepen/werkgroep-zon


Results obtained from a simulation where an 
Emerging Fllux Region (EFR) interacts with the 
ambient field. Overlying reconnection at t = 137. 
The colour scheme is the following: green for 
field lines connecting one footpoint of the EFR to 
the other; blue for field lines connecting one side 
of the computational domain to one of the EFR 
footpoints; red for field lines connecting the 
other side of the computational domain to the 
other footpoint. Reconnection does not takes 

place at a single point, but at several throughout 
the current sheet, as indicated by the box that 
covers the whole of the top of the EFR. A map of 
Bz is displayed at the base of the photosphere (z 
= 0). The reconnected field lines connect inside 
the footpoints rather than at the edges. The 
ambient field has been omitted for clarity (Mac 
Taggart et al., 2015, A&A 576, A4). 
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Simulating solar active region



Sequence of images of AR318 taken at different times: HMI continuum intensity (top), HMI 
LOS magnetograms (middle top), AIA 304 Å (middle bottom), and AIA 193Å (bottom). The 
contours in Figure (E) are ±200, ±500, and ±800 G, while the gray scale is saturated at ±300 G. 
North is at the top of the images and west is to the right (Romano et al. 2014, ApJ 794, 118). 
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A sentinel of solar active regions
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Horizontal slice across the ion charge density
of the mini-magnetosphere, which emerges
above the surface of the Moon as a result of
the solar wind plasma interaction with a lunar
magnetic anomaly. [J. Deca et al., Phys. Rev.
Lett. 112, 151102 (2014)]

PHYSICAL REVIEW LETTERS!
Contents

Articles published 12 April–18 April 2014

VOLUME 112, NUMBER 15 18 April 2014

General Physics: Statistical and Quantum Mechanics, Quantum Information, etc.

Periodic Thermodynamics of Isolated Quantum Systems ..................................................................................................... 150401
Achilleas Lazarides, Arnab Das, and Roderich Moessner

Exact Nonadiabatic Holonomic Transformations of Spin-Orbit Qubits ............................................................................... 150402
T. Čadež, J. H. Jefferson, and A. Ramšak

Extracting Entanglement from Identical Particles ................................................................................................................. 150501
N. Killoran, M. Cramer, and M. B. Plenio

Phase Transitions in Brownian Pumps .................................................................................................................................. 150601
Marcel Dierl, Wolfgang Dieterich, Mario Einax, and Philipp Maass

Quantum Optomechanical Heat Engine ................................................................................................................................. 150602
Keye Zhang, Francesco Bariani, and Pierre Meystre

Nonergodic Subdiffusion from Brownian Motion in an Inhomogeneous Medium .............................................................. 150603
P. Massignan, C. Manzo, J. A. Torreno-Pina, M. F. García-Parajo, M. Lewenstein, and G. J. Lapeyre

Increasing Sensing Resolution with Error Correction ........................................................................................................... 150801
G. Arrad, Y. Vinkler, D. Aharonov, and A. Retzker

Quantum Error Correction for Metrology .............................................................................................................................. 150802
E.M. Kessler, I. Lovchinsky, A. O. Sushkov, and M. D. Lukin

Gravitation and Astrophysics

Instability Windows and Evolution of Rapidly Rotating Neutron Stars .............................................................................. 151101
Mikhail E. Gusakov, Andrey I. Chugunov, and Elena M. Kantor

Electromagnetic Particle-in-Cell Simulations of the Solar Wind Interaction with Lunar Magnetic Anomalies ................. 151102
J. Deca, A. Divin, G. Lapenta, B. Lembège, S. Markidis, and M. Horányi

Inferred Cosmic-Ray Spectrum from Fermi Large Area Telescope γ-Ray Observations of Earth’s Limb ......................... 151103
M. Ackermann et al. (Fermi LAT Collaboration)

Method to Calibrate the Absolute Energy Scale of Air Showers with Ultrahigh Energy Photons ..................................... 151104
Piotr Homola and Markus Risse

Gravity Resonance Spectroscopy Constrains Dark Energy and Dark Matter Scenarios .......................................... 151105
T. Jenke, G. Cronenberg, J. Burgdörfer, L. A. Chizhova, P. Geltenbort, A. N. Ivanov, T. Lauer, T. Lins, S. Rotter,
H. Saul, U. Schmidt, and H. Abele

Astrophysical Constraints on Planck Scale Dissipative Phenomena ..................................................................................... 151301
Stefano Liberati and Luca Maccione

Elementary Particles and Fields

Entanglement Monotonicity and the Stability of Gauge Theories in Three Spacetime Dimensions .................................. 151601
Tarun Grover

(Continued Inside)

Selected for a Viewpoint in Physics. Please visit http://physics.aps.org/.
By suggesting a few manuscripts each week, we hope to promote reading across fields. Please see our Announcement Phys. Rev. Lett. 98, 010001 (2007).

Copyright 2014 American Physical Society

0031-9007(20140418)112:15;1-C

Result form Deliverable 5.4 highlighted on the cover page of Physical Review Letters, the most 
prestigious journal for reporting new discoveries in physical sciences. This is the crowning 
achievement of eHeroes. The figure shows a horizontal slice across the ion charge density of the 
mini-magnetosphere, which emerges above the surface of the Moon as a result of the solar wind 
plasma interaction with a lunar magnetic anomaly. [J. Deca et al., Phys. Rev. Lett. 112, 151102 (2014)]
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An example from the examination tool for the development of flare forecast 
methods compiled by the Debrecen Observatory in the frame of the eHEROES 
project. This representation is given in high cadence for tracking the 
development and flaring in the selected active regions.
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Examining sunspots for flare forecasting



HI1-A difference image data showing the time range of interaction between CME1 and CME2. Labeled 
arrows mark the fronts of CME1 and CME2.  

CME fronts are measured over entire latitudinal extent along different PAs. 

Flux rope of CME1 is shown as yellow mesh and of CME2 as green mesh. Direction 80 – 100° strongest interaction between the two 
ejecta. 125° no interaction. 

We find that the efficiency of the interaction process (in terms of CME acceleration/deceleration) is most probably related to the location 

EHEROES  
Tracking Coronal Mass Ejections in the Heliosphere
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