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ESA's Hera Spacecraft Reaches Dimorphos to Investigate
Planetary Defense Impact Crater and Internal Rubble-Pile
Architecture
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More than four years after NASA's Double Asteroid Redirection Test (DART) spacecraft
slammed into the near-Earth asteroid moonlet Dimorphos at 6.1 kilometers per second
(13,600 mph), humanity's first dedicated forensic investigation of an intentional
kinetic asteroid deflection has begun [1, 2] . The European Space Agency's (ESA)
Hera spacecraft has successfully rendezvoused with the binary asteroid system
(65803) Didymos, establishing an initial orbital station 25 to 30 kilometers (15 to

18 miles) away from the impacted moonlet [1, 5] . Over the coming weeks, Herawill
close within 10 to 20 kilometers, deploying two specialized CubeSats -- Juventas and
Milani -- to conduct low-frequency radar tomography, surface mineralogical mapping,
and precise gravitational mass determinations[1, 5] . The mission aims to resolve a
central question in planetary defense: whether the DART impact carved out a
conventional bowl-shaped impact crater or globally deformed the internal structure

of Dimorphos as aloosely bound rubble pile[1, 4] .

The DART Heritage: Validating Kinetic Impactor Physics

On September 26, 2022, NASA's 570-kilogram DART probe executed an autonomous optical
terminal guidance maneuver, striking the 160-meter-diameter Dimorphos head-on [2, 3]

. Ground-based radar networks and optical lightcurve monitoring subsequently

confirmed that the collision reduced Dimorphos's orbital period around its 780-meter

primary asteroid, Didymaos, by 33.0 +/- 1.0 minutes (from 11 hours and 55 minutes

down to 11 hours and 22 minutes) [2] .

This period reduction exceeded initial pre-impact expectations by more than a factor
of three[2, 3] . Inapurely inelastic collision -- where the kinetic impactor

simply transfersits linear momentum (m p v p ) and sticks to the target -- the
theoretical period change would have been approximately 7 minutes|[2, 3] . The
additional 26 minutes of orbital decel eration was generated by the momentum
enhancement factor (beta) , produced when millions of kilograms of pulverized rock
and dust were blasted outward into space opposite the spacecraft's flight vector,
acting as an impromptu rocket thruster [3, 4] . While terrestrial telescopes tracked
the resulting 10,000-kilometer gjectatail, measuring the precise mass of Dimorphos
-- and thus pinning down the true value of beta -- requires close-proximity
gravitational tracking by Hera[1, 3] .

Telemetry & Mission Parameters: Pre-Impact vs. Post-Impact System

Hera's multi-instrument payload -- including the Asteroid Framing Camera (AFC), the
Thermal Infrared Imager (TIRI), and the Planetary Altimeter (PALT) -- will
systematically compare the post-collision state of the binary system against
pre-impact baseline models[1, 4, 5] .
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| System Parameter | | Pre-lmpact State (2022 Baseline) | | Post-DART State / Hera
Target | | Planetary Defense Significance |

| Dimorphos Orbital Period | | 11 hours, 55 minutes (715 min) | | 11 hours, 22
minutes (682 min) | | Demonstrated reliable kinetic orbital deflection of an
asteroid moonlet [2] . |

| Momentum Transfer Factor (beta) | | Theoretical range: 1.0-3.0 | | Estimated beta
~ 2.2-3.6 (Awaiting Hera) | | Quantifies the propulsive recoil efficiency of
high-velocity gecta[3, 4] . |

| Target Morphological State | | Oblate spheroid (rugby-ball profile) | | Triaxial
reshape / flattened rubble pile | | Tests whether kinetic impacts produce localized
craters or global deformation [4] . |

| Ejected Material Fraction | | 0% (intact pristine surface) | | ~1% of total
asteroid mass gjected | | Dispersed an estimated 10 7 kg of rock into the
interplanetary medium [3, 4] . |

| Internal Cohesion (&tau; ¢) | | Estimated <100 Pa (cohesionless) | | To be probed
by Juventas radar | | Determines structural resistance to tidal disruption and
kinetic deflection [1, 4] . |

Global Reshaping vs. Classical Crater Excavation

One of the most consequential findings from post-impact numerical shock-physics
simulations -- published in Nature Astronomy by Raducan and colleagues -- is that
Dimorphos likely suffered global structural reshaping rather than localized crater
excavation [4] .

In solid rock bodies (such as basalt or iron- nickel meteorites ), hypervelocity
impacts are governed by the strength regime , where the yield strength of the rock
confines shock damage to a hemispherical crater roughly 10 to 20 times the
projectile's diameter [1, 4] . However, small near-Earth asteroids like Bennu,
Ryugu, and Dimorphos are rubble piles : gravitational aggregations of boulders,
pebbles, and fine dust held together by microscopic van der Waals forces and feeble
self-gravity [1, 4] .

Because Dimorphos possesses an estimated cohesive strength of less than afew
Pascals, the DART impact shock wave propagated across the entire interior of the
body without encountering structural resistance [4] . Numerical models indicate that
while roughly 1% of the asteroid's mass escaped into space as €jecta, approximately
8% of the moonlet's internal mass was redistributed , causing the entire body to
settleinto an altered triaxial ellipsoidal geometry [4] . Hera's close-range

optical and thermal imaging will directly confirm whether the impact siteisa
distinct crater or an unrecognizable, resurfaced rubblefield [1, 4] .

Sub-Spacecraft Exploration: Juventas and Milani CubeSats

To inspect Dimorphos without risking the primary mother ship, Hera carries two
six-unit (6U) nanosatellites that will be released into independent orbits around
the binary asteroid [1, 5] :

* Juventas: Equipped with the Juventas Radar (JuRa), alow-frequency monostatic
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synthetic aperture radar, Juventas will perform humanity's first subsurface radar
sounding of an asteroid interior [1, 5] . Operating at 60 MHz, JuRa can penetrate
down to 100 meters, mapping internal void spaces, boulder packing fractions, and
structural fault lines before attempting a gentle soft-landing on Dimorphos's
surface[1, 5] .

* Milani: Named after celestial mechanician Andrea Milani, this CubeSat carries the
ASPECT hyperspectral imager (operating from 500 to 1,500 nm) to map mineral ogical
alterations, space weathering , and surface volatile distribution across both

Didymos and Dimorphos[1, 5] . Milani also carries the VISTA dust detector to
monitor any lingering particulate clouds suspended in the binary orbital environment
[1,5].

Calibrating the Kinetic Deflector Toolkit for Earth Protection

The ultimate objective of the joint NASA-ESA AIDA (Asteroid Impact and Deflection
Assessment) collaboration is to turn kinetic deflection from an experimental
proof-of-concept into a calibrated planetary defense technique [1, 3] . If

astronomers discover a hazardous 100-to-300-meter asteroid on a collision course

with Earth decades in advance, knowing the exact value of the momentum enhancement
parameter betais essential to calculate the required impactor mass and lead time

needed to nudge the threat into a safe trgjectory [1, 3] .

By measuring the precise mass of Dimorphos through radio Doppler tracking and
mapping itsinternal cohesion, Herawill close the loop on the 2022 impact
experiment [1, 2, 4] . The resulting datasets will provide planetary defense
engineers with the ground-truth physical parameters required to safeguard Earth
against future celestial impacts[1, 3, 5] .
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