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Introduction:  The Hera mission has been ap-

proved for development and launch in the new ESA 
Space Safety Programme by the ESA Council at Min-
isterial Level, Space19+, in November 2019. Hera will 
contribute to the first deflection test of an asteroid, in 
the framework of the international NASA- and ESA-
supported Asteroid Impact and Deflection Assessment 
(AIDA) collaboration. The main purpose of AIDA is to 
support international collaboration in planetary defense 
activities and to support the demonstration and valida-
tion of the technology needed to deflect a hazardous 
asteroid by means of a kinetic impactor, to improve 
our understanding of the impact process and the mo-
mentum transfer to the target asteroid. The AIDA col-
laboration will use data obtained by the NASA Double 
Asteroid Redirection Test (DART) mission [1], which 
will impact the secondary of the binary asteroid Didy-
mos, informally called Didymoon. It will observe the 
outcome from ground-based observatories, and by the 
ESA Hera mission [2], which will more fully charac-
terize the target asteroid, image the crater made by 
DART and refine the momentum transfer efficiency 
determination. 

Planetary defense aspects: The impact of DART 
on the natural satellite of Didymos, called hereafter 
Didymoon, in September 2022 will change its orbital 
period around Didymos. As Didymos is an eclipsing 
binary, and close to the Earth on this date, the change 
can be detected by Earth-based observers. ESA’s Hera 

spacecraft will rendezvous Didymos four years after 
the impact. Its objectives are to improve our understand-
ing of the mechanics of kinetic impact deflection by: : 

● Measuring the mass of Didymoon to determine 
precisely the momentum transfer efficiency from 
DART to Didymos. 

● Investigating the crater in detail to improve our 
understanding of the cratering process in the low-
gravity regime and the mechanisms by which the crater 
formation is related to the momentum transfer efficien-
cy. 

● Observing subtle dynamic effects (e.g. libration 
imposed by the impact, orbital and spin excitation of 
Didymoon) that are impossible to detect by ground-
based observations. 

● Characterizing the surface and interior of Didy-
moon to allow scaling of the momentum transfer effi-
ciency to different asteroids. 

Science aspects: While Hera is designed as a plan-
etary defense mission, it will also contribute substan-
tially to asteroid science. Beyond the headline results 
of measuring the effectiveness of kinetic impactor de-
flection technology, Hera will: 

(i) Make a first comprehensive characterization of a 
binary Near-Earth Object (NEO), noting that 15% of 
small NEOs are thought to be binaries [3], allowing a 
precise comparison with theoretical models and as-
sessment of the binary NEO production mechanism. 
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(ii) Constrain the surface structure and regolith 
mobility on both Didymos and Didymoon (the smallest 
asteroid ever visited with its 160 m diameter), thereby 
allowing a first insight into how material properties 
may affect asteroid satellite formation. 

(iii) Enable, for the first time, the measurement of 
the detailed properties of an asteroid crater formed in 
an impact experiment at velocities similar to inter-
asteroid collisions, including its surface and sub-
surface properties. 

(iv) Provide a remarkable opportunity to study the 
surface geophysics of two objects of different size, 
which probably formed from the same material. 

(v) Obtain the first in-situ measurements of the 
properties of an asteroid whose size is at the frontier 
between gravity- and strength-dominated structures. 

(vi) Characterize a crater formed with known ener-
gy on a 160 m-sized body for the first time, allowing 
us to verify whether crater production is dominated by 
strength or gravity on such a small asteroid. 

(vii) Investigate the crater formed by the DART 
impact for the potential identification of fresh un-
weathered material on a silicate asteroid to understand 
possible space weathering processes. 

(viii) Confirm whether the larger than expected 
crater produced by the small-scale impact experiment 
by Hayabusa2 at asteroid Ryugu [4] was a conse-
quence of major flaws in current cratering theory. 

Discussion: Hera is the first mission designed to 
characterize a binary asteroid, and compare the physi-
cal properties of the surface, and especially the interior 
structure of the two objects. Hera will greatly improve 
our understanding of how binary asteroids form. 

Furthermore, the DART impact crater provides us 
with the rare opportunity of studying the impact pro-
cess on a Solar System scale where both impact condi-
tions and crater are accurately known. The fresh 
DART impact crater provides direct access to a surface 
that is expected to be very similar to the meteoritic 
analogue of Didymoon, providing important new in-
formation about the asteroid-meteorite connection, and 
the space weathering effects in the inner Solar System. 
Additionally, Didymoon will be the smallest asteroid 
visited by a spacecraft (Fig. 1), providing data on geo-
physics under extremely low gravity conditions. Final-
ly, the discoveries offered by ESA will be put in rela-
tion with those of the missions JAXA Hayabusa2 [5] 
and NASA OSIRIS-REx [6], which also explore two 
single asteroids with similar shapes to Didymos (called 
top-shape). Are the geophysical properties of single 
top shapes different from those in binary systems?  

Conclusion: Hera is a mission developed in the 
Space Safety Programme of ESA. Its launch is planned 
in 2024 for an arrival at Didymos in early January 

2027. From 2020 to 2023, parts of the activities sup-
porting its development will also be achieved through 
two projects funded by the European Commission in 
its H2020 program: NEO-MAPP (NEO Modeling And 
Payload for Protection) and NEOROCKS (NEO Rapid 
Observation, Characterization and Key Simulations). 
While performing the measurements necessary to un-
derstand the effect of the DART impact on Didymoon, 
Hera will provide unique information on many current 
issues in asteroid science. From small asteroid internal 
and surface structures, through rubble-pile evolution, 
impact cratering physics, to the long-term effects of 
space weathering in the inner Solar System, Hera will 
have a major impact on many fields. Additionally, 
those studies using Hera data will in turn affect our 
understanding of the asteroid population as a whole. 
The scientific legacy of the Hera mission will extend 
far beyond the core aims of planetary defense. 

 

 
Fig. 1. Image of the 900 meter-diameter asteroid 
Ryugu visited by the JAXA Hayabusa2 sample return 
mission. The large boulder on the top called Otohime 
Saxum is the size of 160-meter Didymoon, the target 
of Hera (credit: JAXA, University of Tokyo and col-
laborators). 
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