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Two years on from DART’s 

collision, Hera is heading to 

'LPRUSKRV�RQFH�PRUH�WR�ƅQG�
out how humanity could save 

itself from killer asteroids
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n 26 September 2022,  

11 million kilometres  

(7 million miles) from Earth, 

a spacecraft weighing 610kg 

(1,345lb) hurtled through 

space at 6.1km per second (13,645mph) 

and crashed headlong into an asteroid 

called Dimorphos. The plume of debris 

it sent up was like something from a 

VFLHQFH�ƅFWLRQ�GLVDVWHU�PRYLH��EXW�LW�

was far from that. 

This was the culmination of NASA’s 

Double Asteroid Redirection Test (DART), 

a mission designed to test Earth’s ability 

WR�GHƆHFW�DQ�DVWHURLG�XVLQJ�D�NLQHWLF�

impactor. The collision shortened the 

orbit of Dimorphos, demonstrating for 

WKH�ƅUVW�WLPH�WKDW�KXPDQLW\�FDQ�DOWHU�WKH�

orbit of a body in space and defend our 

planet from incoming asteroids. X

investigator
With the launch of ESA’s Hera mission scheduled 
for October, Jenny Winder examines how 
the spacecraft will turn asteroid impact and 
deflection from a one-off into a repeatable plan

This month, the European Space 

Agency (ESA) plans to launch a follow-

up mission to study the impact of this 

collision. Named Hera, after the Greek 

goddess of marriage, it will undertake 

D�GHWDLOHG�DQG�WKRURXJK�LQYHVWLJDWLRQ�

of the double asteroid system that 

Dimorphos is part of, its data forming 

an essential element of the plan to turn 

the successful DART experiment into a 

repeatable planetary defence strategy.

+HUD�ZLOO�EH�WKH�ƅUVW�PLVVLRQ�WR�PDNH�

a study of a binary asteroid. The larger 

body of the pair, Didymos, is about 780 

metres (half a mile) in diameter and spins 

RQFH�HYHU\������KRXUV��SXWWLQJ�LW�DW�WKH�

YHU\�OLPLWV�RI�VWUXFWXUDO�VWDELOLW\��7KH�

smaller ‘moonlet’, Dimorphos, is just 160 

metres (525 feet) across. About 15 per 

cent of all small asteroids are binary; 
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W The DART 

spacecraft sailed 

past Didymos (left) 

and slap-bang into 

Dimorphos (right)  

in September 2022

selecting one to send DART to collide with meant 

mission control could measure the effect the impact 

had on Dimorphos’s orbit as it transited Didymos 

after the impact. It also helped that the Didymos 

system poses zero threat to Earth. 

What’s the damage?
Scientists have already been able to paint a broad 

picture of how successful DART was, using ground 

observations and the Hubble Space Telescope. 

For instance, the impact changed the shape of the 

moonlet. Up until the mission, Dimorphos was a 

regular ‘oblate spheroid’, a squashed sphere wider 

around the equator and shorter pole to pole. Now  

it’s thought to be a ‘triaxial ellipsoid’, a 3D shape  

with three axes of different lengths (think an  

oblong watermelon). 

The impact also changed Dimorphos’s orbit. Until 

26 September 2022, it took 11 hours and 55 minutes 

to orbit Didymos; now it orbits in just 11 hours and 

23 minutes. By hitting the moonlet in the opposite 

direction to its orbit, DART shortened the orbit by 33 

minutes and 15 seconds – far surpassing the mission’s 

objective of shaving 73 seconds off the orbit time. 

This success is partly thought to be due to the debris 

ejected from the explosion acting like a thruster. 

The impact turned Dimorphos into an ‘active 

asteroid’, one that exhibits a coma or tail, more like 

a comet. In July 2023, Hubble imaged a swarm of 37 

boulders drifting from the crash site. Ranging in size 

from 1 to 6.7 metres (3.2 to 22ft) across, their total 

mass is about 0.1 per cent the mass of Dimorphos. 

But ground observations carry a 10 per cent 

uncertainty, which Hera will remove when it arrives at 

the double asteroid, providing rock-solid observations.

It will be Hera’s task to investigate the crash scene 

and submit a full report. Launching from Cape 

W The last complete 

image sent by DART 

two seconds before 

its destruction

T Four months on 

from the impact, 

Hubble showed 

boulders were still 

being flung off  

by Dimorphos
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Canaveral aboard a Falcon 9 rocket, Hera will 

take two years to reach Didymos. This 

space cruise will include a sequence of 

deep-space manoeuvres, including 

D�Ɔ\�E\�RI�0DUV�WR�JDLQ�H[WUD�

velocity, passing just 6,000km 

(3,728 miles) from the Red 

Planet’s surface. It will use 

the opportunity to train 

its science instruments on 

Deimos, the smaller, more 

GLVWDQW�RI�0DUVŝV�WZR�PRRQV��

from 1,000km (621 miles) 

away. Here, Hera will calibrate its 

instruments on an object that astronomers 

WKLQN�LV�DQ�DVWHURLG�WKDW�0DUV�FDSWXUHG�LQWR�LWV�

orbit, along with its larger moon, Phobos.

Hera is due to reach the Didymos double system 

on 28 December 2026 and will carry out a six-month 

investigation. It will measure the asteroid’s mass to 

GHWHUPLQH�WKH�HIƅFLHQF\�ZLWK�ZKLFK�'$57ŝV�LPSDFW�

transferred its momentum. It will also study the 

crater left by the collision in detail, to verify whether 

it’s the strength of the impact or gravity which is the 

most important for crater formation, furthering our 

understanding of the cratering process in low gravity. 

It will also investigate changes in the moonlet’s orbit, 

spin and libration (wobble), as well as surveying the 

surface and interior composition of Dimorphos.

The Hera spacecraft itself will have two asteroid-

facing cameras (AFC) on board, a thermal infrared 

instrument (TIRI) and a HyperScout H hyperspectral 

imager to identify the asteroid’s mineral makeup 

EH\RQG�WKH�OLPLWV�RI�YLVLEOH�OLJKW��$�ODVHU�UDQJH�ƅQGLQJ�

instrument, the Planetary Altimeter (PALT), will be 

used for both navigation and science.

Fully loaded for science
The spacecraft won’t be alone in its task. Hera 

ZLOO�DOVR�FDUU\�WZR�&XEH6DWV��-XYHQWDV�DQG�0LODQL��

each the size of a shoebox, weighing around 12kg 

(26lb). These will be released once Hera reaches the 

DVWHURLGV��0LODQL��QDPHG�DIWHU�$QGUHD�0LODQL��WKH�

Italian mathematician and astronomer) will map 

Didymos and Dimorphos, and take images with its 

ASPECT spectrometer. This will mean scientists can 

identify both bodies’ mineral composition, tell the 

characteristics of any dust left over from the impact 

and pick out individual surface boulders. 

The two CubeSats and Hera will be linked by 

an inter-satellite system so that small changes in 

their positions relative to one another, due to the 

Dangerous space rocks 
Assessing the threat level to Earth is tricky when the threat is constantly changing

$�SRWHQWLDOO\�KD]DUGRXV�DVWHURLG��3+$��LV�GHƅQHG�DV�

a space rock with a size larger than 140 metres (459ft),  

or a brightness of magnitude +22.0 or more, which also  

has a trajectory that brings it within 0.05 astronomical  

units (AU) from Earth, or 19.5 lunar distances.

An organisation known as the Minor Planet Center  

uses data from space and ground-based telescopes to 

work out asteroid and comet orbits, and make the call on 

whether an object is a PHA or not. This essential monitoring 

is complicated by the fact that asteroids’ orbits can 

vary over time, as they are affected by the gravitational 

LQƆXHQFH�RI�RWKHU�ERGLHV�RU�LPSDFWV�ZLWK�WKHP�

At the time of writing, NASA estimates that over 90  

SHU�FHQW�RI�3+$V�KDYH�EHHQ�IRXQG��WKH\�KDYH�LGHQWLƅHG�

35,376 near-Earth asteroids (NEAs) of all sizes, 863 of which 

are larger than 1km (0.6 miles) across, while 10,909 are 140 

metres across or more. Asteroids over 140 metres across  

hit Earth about once every 25,000 years; those over 1km  

strike our planet every 500,000 years.

Name Mass Size Probability of Earth impact Year of potential impact

1 Bennu 74 million tonnes 0.49km 0.037 per cent 2182

2 29075 78 million tonnes 1.3km 0.0029 per cent 2880

3 2023 TL4 47 million tonnes 0.33km 0.00055 per cent 2119

4 2007 FT3 54 million tonnes 0.34km 0.0000087 per cent 2024

5 1979 XB 390 million tonnes 0.66km 0.000055 per cent 2113

Rubble-pile 

asteroid Bennu 

currently takes 

the Earth-threat 

top spot

NASA’s top 5 asteroid threats

S HERA will carry 

out a side mission 

to Mars’s mini moon 

Deimos on its way 

X
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The planetary defence playbook 

gravitational interaction of the asteroids, will help 

WR�DVVHVV�WKHLU�PDVVHV�DQG�JUDYLWDWLRQDO�ƅHOGV��7KH�

ƆHHW�RI�WKUHH�FUDIW�ZLOO�DOVR�SLRQHHU�DXWRQRPRXV�

QDYLJDWLRQ�LQ�GHHS�VSDFH��%RWK�&XEH6DWV�DQG�+HUD�

FDUU\�YLVLEOH�OLJKW�FDPHUDV��OLGDU�DQG�VWDU�WUDFNHUV�

VR�WKDW�WKH\�FDQ�DXWRQRPRXVO\�QDYLJDWH�LQ�WKH�

DVWHURLGVŝ�FRPELQHG�JUDYLW\�ƅHOG��ZKLFK�LV��������

WLPHV�ZHDNHU�WKDQ�RQ�(DUWK��2QFH�WKH�FRUH�PLVVLRQ�

LV�FRPSOHWH��WKH�QHZ�WHFKQRORJ\�ZLOO�EH�SXW�WKURXJK�

LWV�SDFHV��VWHHULQJ�LWVHOI�WKURXJK�WKH�V\VWHP�OLNH�D�

VHOI�GULYLQJ�FDU�

0HDQZKLOH��&XEH6DW�-XYHQWDV��WKH�5RPDQ�QDPH�

IRU�+HUDŝV�GDXJKWHU��+HEH��ZLOO�FDUU\�WKH�VPDOOHVW�

UDGDU�HYHU�ƆRZQ�LQ�VSDFH��XVLQJ�LW�WR�FDUU\�RXW�WKH�

ƅUVW�UDGDU�SUREH�ZLWKLQ�DQ�DVWHURLG�WR�GHWHUPLQH�

ZKHWKHU�'LPRUSKRV�LV�VROLG�URFN�RU�D�ORRVH�UXEEOH�SLOH��

Understanding its composition will help determine 

KRZ�WR�GHDO�ZLWK�DVWHURLGV�WKDW�WKUHDWHQ�(DUWK�LQ�

WKH�IXWXUH�

7KHUH�DUH�WZR�EDVLF�PHWKRGV�RI�GHDOLQJ�ZLWK�

VXFK�WKUHDWV�WR�RXU�SODQHW��IUDJPHQWDWLRQ�DQG�

GHƆHFWLRQ��0DQ\�DVWHURLGV�DUH�ORRVH�UXEEOH�SLOHV��VR�

How will the lessons from DART and Hera be used to defend Earth from space impacts?

The DART mission proved that this 

PHWKRG�RI�GHƆHFWLQJ�DQ�DVWHURLG�ZRUNV��

It’s Hera’s mission to turn the experiment 

LQWR�D�FRQWUROODEOH��UHSHDWDEOH�SODQHWDU\�

GHIHQFH�VWUDWHJ\�

7KH�ƅUVW�VWHS�LV�WR�LGHQWLI\�DQ�DVWHURLG�

WKUHDW��(6$�LV�FXUUHQWO\�GHYHORSLQJ�DQ�

HDUO\�ZDUQLQJ�V\VWHP�XVLQJ�XS�WR�IRXU�

Ŝ)O\H\Hŝ�WHOHVFRSHV�WKDW�ZLOO�VFDQ�WKH�VN\�

HDFK�QLJKW��ZKLOH�1$6$�LV�SODQQLQJ�WR�

ODXQFK�WKH�1(2�6XUYH\RU�PLVVLRQ�LQ�������

7KLV�LQIUDUHG�WHOHVFRSH�LV�H[SHFWHG�WR�

GLVFRYHU�XS�WR���������QHZ�QHDU�(DUWK�

REMHFWV��1(2V���ZKLFK�LQFOXGH�DVWHURLGV�

DV�ZHOO�DV�FRPHWV�DQG�PHWHRUV�

,Q�-XO\�������(6$�DQQRXQFHG�LWV�

5DSLG�$SRSKLV�0LVVLRQ�IRU�6SDFH�6DIHW\�

�5DPVHV���7KLV�ZLOO�DFFRPSDQ\�DVWHURLG�

$SRSKLV�GXULQJ�LWV�FORVH�Ɔ\�E\�RI�(DUWK�

LQ�������WR�VWXG\�KRZ�WKH�WLGDO�IRUFHV�RI�

(DUWKŝV�JUDYLW\�VWUHWFK�DQG�VTXHH]H�WKH�

DVWHURLG��$SRSKLV�LV�DERXW�����PHWUHV�

������IW��DFURVV�DQG�ZLOO�SDVV�ZLWKLQ�

������NP���������PLOHV��RI�(DUWK�RQ�

���$SULO�������ZKHQ�LW�ZLOO�EH�YLVLEOH�WR�WKH�

QDNHG�H\H�

&KLQD�KDV�DOVR�DQQRXQFHG�LWV�SODQV�WR�

ODXQFK�DQ�DVWHURLG�LPSDFW�DQG�GHƆHFWLRQ�

PLVVLRQ�E\�������VHQGLQJ�WZR�VSDFHFUDIW�

WR�WKH�DVWHURLG�1(2������;)�����7KLV�

DVWHURLG�LV�QHDUO\����PHWUHV����IW��DFURVV�

DQG�SDVVHG�ZLWKLQ����PLOOLRQ�NP�����

PLOOLRQ�PLOHV��RI�RXU�SODQHW�LQ�HDUO\�-XO\�

WKLV�\HDU��2QH�VSDFHFUDIW�ZLOO�LPSDFW�WKH�

DVWHURLG�ZKLOH�WKH�RWKHU�ZLOO�REVHUYH�LW�IRU�

XS�WR�D�\HDU�DIWHU�WKH�FROOLVLRQ�

ESA’s Ramses craft aims to 

rendezvous with asteroid 

Apophis when it whizzes 

past Earth in 2029

Once released, 

CubeSat Juventas will 

use radar to probe the 

asteroid’s subsurface…

…while CubeSat Milani 

will take detailed 

photos of the surface
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S Dashcams 

captured a 9,100- 

tonne asteroid 

streaking towards 

Chelyabinsk, Russia, 

on 15 February 2013

IUDJPHQWDWLRQ�E\�H[SORGLQJ�D�QXFOHDU�GHYLFH�DERYH��

RU�RQ��WKH�VXUIDFH�LV�D�SRVVLELOLW\��'ULOOLQJ�LQWR�DQ�

DVWHURLG�DQG�SODQWLQJ�D�QXFOHDU�H[SORVLYH�WR�EUHDN�XS�

WKH�DVWHURLG�DQG�VFDWWHU�WKH�SLHFHV�ZDV�WKH�VROXWLRQ�

GHSLFWHG�LQ�WKH������ƅOP�Armageddon��EXW�LWŝV�D�ULVN\�

RQH��%HIRUH�DQ\�H[SORVLYH�LV�SODQWHG��\RX�QHHG�D�

GHWDLOHG�NQRZOHGJH�RI�WKH�DVWHURLGŝV�FRPSRVLWLRQ��DV�

DQ\�IUDJPHQWV�ODUJHU�WKDQ����PHWUHV�����IW��DFURVV�

ZRXOG�VWLOO�SRVH�D�WKUHDW�WR�(DUWK��

Choose your weapons
'HƆHFWLRQ�E\�LPSDFW��XVLQJ�NLQHWLF�LPSDFWRUV�OLNH�

'$57�RU�QXFOHDU�H[SORVLYHV��FDQ�ZRUN�TXLFNO\�DQG�DW�

VKRUW�QRWLFH�DJDLQVW�D�VROLG�DVWHURLG��7R�EH�HIIHFWLYH��

WKH\�ZRXOG�QHHG�WR�GHOD\�RU�DGYDQFH�WKH�DSSURDFKLQJ�

DVWHURLGŝV�RUELW�E\�DERXW�VHYHQ�PLQXWHV��JLYLQJ�RXU�

SODQHW�WLPH�WR�PRYH�RQH�(DUWK�GLDPHWHU�DORQJ�LWV�

RUELW��RXW�RI�WKH�ZD\��%XW�GLUHFW�PHWKRGV�PD\�QRW�

ZRUN�DJDLQVW�D�ORRVH�UXEEOH�SLOH�DVWHURLG��LQGLUHFW�

PHWKRGV�FRXOG�EH�EHWWHU��7KHVH�LQFOXGH�DWWDFKLQJ�

URFNHWV�WR�WKH�DVWHURLG��WKUXVWLQJ�LW�RXW�RI�WKH�ZD\��

RU�XVLQJ�D�WKHRUHWLFDO�ŜJUDYLW\�WUDFWRUŝ�WKDW�ZRXOG�

GHƆHFW�WKH�DVWHURLG�ZLWK�LWV�RZQ�JUDYLWDWLRQDO�ƅHOG�

,WŝV�HVWLPDWHG�WKDW�DERXW����WRQQHV�RI�GXVW�

DQG�URFN�IURP�VSDFH�KLW�RXU�SODQHW�HYHU\�GD\��$Q�

REMHFW�GRHVQŝW�KDYH�WR�EH�SDUWLFXODUO\�ODUJH�WR�

FDXVH�VXEVWDQWLDO�GDPDJH��,Q�)HEUXDU\�������WKH�

&KHO\DELQVN�PHWHRU�H[SORGHG�LQ�WKH�DWPRVSKHUH�

DERYH�&KHO\DELQVN�2EODVW�LQ�ZHVWHUQ�5XVVLD��7KH�

���PHWUH����IW��DVWHURLG�ZHLJKHG�������WRQQHV��

HQWHULQJ�(DUWKŝV�DWPRVSKHUH�DW�D�VKDOORZ�DQJOH��

WUDYHOOLQJ�������NP�K��������PSK���7KH�H[SORVLRQ�

FUHDWHG�D�VKRFNZDYH�HTXLYDOHQW�WR�XS�WR����WLPHV�WKH�

HQHUJ\�UHOHDVHG�IURP�WKH�DWRPLF�ERPE�DW�+LURVKLPD��

VHULRXVO\�LQMXULQJ�������SHRSOH�DQG�GDPDJLQJ�������

EXLOGLQJV�LQ�VL[�FLWLHV�DFURVV�WKH�UHJLRQ��

7ZR�ELOOLRQ�\HDUV�DJR��D���NP�GLDPHWHU������

PLOH��DVWHURLG�VWUXFN�(DUWK�DW�9UHGHIRUW�QHDU�

-RKDQQHVEXUJ��6RXWK�$IULFD��FUHDWLQJ�D����NP�

GLDPHWHU������PLOH��FUDWHU��6LPSOH�OLIH�IRUPV�PD\�KDYH�

H[LVWHG�WKHQ��EXW�QRW�VR����PLOOLRQ�\HDUV�DJR��ZKHQ�DQ�

DVWHURLG���NP����PLOHV��DFURVV�VWUXFN�&KLF[XOXE��RII�

0H[LFR��7KLV�FUHDWHG�D����NP�ZLGH������PLOH��FUDWHU�

DQG�FDXVHG�WKH�H[WLQFWLRQ�RI�WKH�GLQRVDXUV��

:KHQ�+HUD�HQGV�LWV�PLVVLRQ�ZLWK�D�SODQQHG�ODQGLQJ�

RQ�'LPRUSKRV��DQG�LWV�&XEH6DWV�FRPH�WR�UHVW�RQ�

'LG\PRV��LW�DQG�'$57�ZLOO�KDYH�SDYHG�WKH�ZD\�IRU�

D�SODQHWDU\�GHIHQFH�VWUDWHJ\�WKDW�FRXOG�VDYH�OLIH�RQ�

(DUWK�IURP�VXFK�DQ�H[WLQFWLRQ�HYHQW�LQ�WKH�IXWXUH�

Jenny Winder is a 

IUHHODQFH�VFLHQFH�

ZULWHU��DVWURQRPHU�

DQG�EURDGFDVWHU

Dropping nucleur explosives 

onto an approaching asteroid 

is one (albeit dramatic) method 

being considered
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