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ar on the outskirts of our  

Solar System lies the diminutive 

dwarf planet Pluto. Ever since its 

discovery in 1930, it’s held a special 

place in the hearts of space fans the 

world over. This month on 23 July, the planet 

will be at opposition, directly opposite the Sun 

from Earth, and just four days later it makes 

its closest approach to our planet. Even then, 

however, it’s a dim and distant cousin of our 

Solar System family, an incomprehensible  

5.8 billion kilometres (3.6 billion miles) away. 

,WŝV�GLIƅFXOW�WR�JUDVS�VXFK�YDVW�GLVWDQFHV��

which is why at these scales scientists use 

Astronomical Units (AU), where 1 AU is around 

150 million kilometres (93 million miles). Pluto 

UHVLGHV�LQ�D�ULQJ�RI�LF\�REMHFWV�EH\RQG�WKH�RUELW�

RI�1HSWXQH��EHJLQQLQJ����$8�IURP�WKH�6XQ��

called the Kuiper Belt. Astronomers have tried 

WR�VWXG\�WKLV�GLVWDQW�UHJLRQ�IURP�(DUWK�DV�EHVW�

as they can, but even at their closest, our most 

powerful telescopes see individual objects 

RQO\�DV�GRWV�PRYLQJ�DJDLQVW�WKH�EDFNJURXQG�

VWDUV��$QG�VR�WKH�%HOW�UHPDLQV�ODUJHO\�XQNQRZQ��

VKURXGHG�LQ�P\VWHU\�DW�WKH�YHU\�HGJH�RI�RXU�

YLVLRQ��7KDW�LV�XQWLO�1$6$ŝV�1HZ�+RUL]RQV�EHJDQ�

its epic exploration behind the veil.

For the last 18 years, New Horizons has been flying to Pluto 
and beyond. But how do scientists run a mission at the darkest, 
uncharted fringes of our Solar System? Ezzy Pearson finds out

X
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Remote control: hurtling 

through the far-distant Kuiper 

Belt, intrepid New Horizons is 

still doing great science
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S Spotting Kuiper Belt objects for the mission to hone in on  

is no easy task. This image from just one night of observations 

shows a hunting ground crowded with countless stars 

W Scientists peer ahead using the 8.2-metre optical Subaru 

Telescope in Hawaii to plan New Horizons’ next steps
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New Horizons is the one brave traveller that is 

venturing far into this distant region, sailing through 

the Kuiper Belt for over a decade. The probe is best 

NQRZQ�IRU�LWV�Ɔ\�E\V�RI�3OXWR�DQG�IHOORZ�.XLSHU�

Belt object (KBO) Arrokoth, but the mission is not 

GRQH�\HW��(YHU\�\HDU��LW�WUDYHOV���$8�IXUWKHU�LQWR�WKH�

GDUNQHVV��,Q�2FWREHU�WKLV�\HDU��LW�ZLOO�SDVV�WKH����$8�

mark, and with power and fuel reserves expected to 

ODVW�XQWLO�������LW�SURPLVHV�WR�FRQWLQXH�EULQJLQJ�D�OLJKW�

WR�WKH�UHJLRQ�IRU�PDQ\�\HDUV�WR�FRPH�

7KH�ELJJHVW�KRSH�IRU�WKH�PLVVLRQ�LV�WKH�SRVVLELOLW\�

RI�ƅQGLQJ�DQRWKHU�.XLSHU�%HOW�REMHFW�IRU�D�WKLUG�Ɔ\�E\�

ş7KHUHŝV�RQO\�RQH�FULWHULRQ�IRU�D�Ɔ\�E\�WDUJHW�Š�VD\V�

Alan Stern, principal investigator of New Horizons,  

şŚ�WKDW�LW�EH�FORVH�HQRXJK�WR�RXU�WUDMHFWRU\�WKDW�ZH�

FDQ�JHW�WKHUH�ZLWK�WKH�UHPDLQLQJ�IXHO�RQ�ERDUG�Š

Flying blind
The New Horizons team are scouting the path ahead 

RI�WKHLU�VSDFHFUDIW�ZLWK�WKH�����PHWUH�ZLGH�6XEDUX�

7HOHVFRSH�RQ�0DXQD�.HD�LQ�+DZDLL��8VLQJ�LWV�ZLGHƅHOG�

camera, the team take deep images of the region of 

VN\�WKDW�1HZ�+RUL]RQV�LV�Ɔ\LQJ�WKURXJK��%\�FRPSDULQJ�

these from night to night, astronomers can look for 

.%2V�PRYLQJ�VORZO\�DFURVV�WKH�EDFNJURXQG�VWDUV��

$�VHDUFK�LQ������XQFRYHUHG�����QHZ�.%2V��WKRXJK�

XQIRUWXQDWHO\�QR�VXLWDEOH�FDQGLGDWHV�ZHUH�IRXQG�

$W�WKH�WLPH��WKDW�VHHPLQJO\�SXW�WR�UHVW�DQ\�KRSH�RI�

DQRWKHU�Ɔ\�E\��DV�WKH�.XLSHU�%HOW�ZDV�WKRXJKW�WR�RQO\�

H[WHQG�RXW�WR����$8��DQG�1HZ�+RUL]RQV�VDLOHG�SDVW�

WKDW�OLPLW�LQ������

ş7KDW�ZDV�DV�IDU�RXW�DV�ZH�FRXOG�VHH�Š�VD\V�6WHUQ��

ş$IWHU�DERXW����$8�LW�DSSHDUHG�WKDW�WKHUHŝV�D�GHVHUW�

RI�REMHFWV��7KH�TXHVWLRQ�DOZD\V�ZDV��LV�WKDW�D�.XLSHU�

cliff, where that’s the end of it and after that there’s 

QRWKLQJ"�2U�LV�LW�D�.XLSHU�WURXJK��ZKHUH�WKHUHŝV�VLPSO\�

D�GHVHUW�FURVVLQJ�DQG�WKHQ�\RX�VHH�PRUH�.XLSHU�%HOW"�

Because our telescopes couldn’t see much further 

EDFN�WKHQ��ZH�GLGQŝW�NQRZ�WKH�DQVZHU�Š

7KH�IXUWKHU�1HZ�+RUL]RQV�VDLOHG�EH\RQG�WKLV�

supposed edge, though, the more apparent it 

EHFDPH�WKDW�WKH�%HOW�ZDVQŝW�TXLWH�GRQH�\HW�

ş2XU�JURXQG�EDVHG�VXUYH\V�XVLQJ�WKH�6XEDUX�

7HOHVFRSH�GHWHFWHG�D�ZKROH�EHY\�RI�REMHFWV�PXFK�

IXUWKHU�RXW�WKDQ�ZH�HYHU�H[SHFWHG�Š�VDLG�6WHUQ��ş:HŝYH�

DOUHDG\�IRXQG�D�GR]HQ�REMHFWV�ZD\�EH\RQG�ZKHUH�ZH�

H[SHFWHG�WR�ƅQG�WKHP��$QG�WKDWŝV�SUREDEO\�MXVW�WKH�

WLS�RI�WKH�LFHEHUJ�Š

W Are we there yet? 

The Student Dust 

Counter Instrument 

detects microscopic 

particles hitting 

New Horizons, 

telling it whether  

it’s still in the thick 

of the Kuiper Belt 

X



Home to Pluto, ice, rock, 

comets and dwarf planets, 

the Kuiper Belt circles the 

outer Solar System like a 

puffed-up doughnut
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The Kuiper Belt

At the same time, New Horizons itself was looking 

DW�LWV�VXUURXQGLQJV��WU\LQJ�WR�ƅQG�DQ\�VLJQ�LW�ZDV�

leaving the Kuiper Belt, with the help of its Student 

Dust Counter (SDC) instrument.

“The SDC registers impacts on the spacecraft from 

PLFURVFRSLF�GXVW�SDUWLFOHV�Š�H[SODLQV�6WHUQ��ş7KRVH�

SDUWLFOHV�DUH�FUHDWHG�E\�FROOLVLRQV�EHWZHHQ�.%2V��RU�

other processes that cause them to shed material. 

:KDW�\RXŝG�H[SHFW�LV�WKDW�ZKHQ�\RX�OHDYH�WKH�.XLSHU�

%HOW��WKH�QXPEHU�RI�GXVW�LPSDFWV�GUDPDWLFDOO\�

plummets. All of the mathematical models from the 

����V�DQG�����V�LQGLFDWHG�RXU�GXVW�GHWHFWRU�VKRXOG�

VWDUW�WR�VHH�WKDW�GHFOLQH�VRPHZKHUH�DURXQG�������

The Kuiper Belt is believed to be made  

up of the icy leftovers from the Solar 

System’s formation. It gets its name from 

Gerard Kuiper, who published a paper  

in 1951 speculating on the presence of 

objects in the space beyond Pluto, though 

astronomer Kenneth Edgeworth had 

previously mentioned similar objects too. 

The icy fragments are spread out over  

a huge, doughnut-shaped region. It’s 

thought that in the early days of the Solar 

System, the belt could have contained a 

mass 10 times that of Earth. At some  

point in the next few hundred million 

years, however, the gas giants shifted in 

their orbits, creating gravitational chaos 

throughout the Solar System. 

This resulted in a huge number of  

KBOs being ejected from the Belt, and 

now only around 0.1 Earth masses 

remains. Even though the Solar System  

is a lot more stable today, objects are 

occasionally flung out of the Belt. Those 

which are sent on trajectories towards  

the inner Solar System appear to us  

as short-period comets.

The Kuiper Belt isn’t unique to our 

Solar System. Similar structures, known 

as debris discs, have been seen in many 

other planetary systems. These tend to  

be less compact than ours, and some stars 

even appear to host two nested Kuiper 

Belts that are much dustier than ours.  

In fact, if our belt was around another 

star, it wouldn’t contain enough dust  

for us to detect it. 

Our Solar System is surrounded by a ring of icy space rocks

ş:HOO��LWŝV������DQG�WKHUHŝV�EHHQ�QR�VLJQ�RI�GHFOLQH��

,Q�IDFW��ZHŝUH�VHHLQJ�PRUH�Š

Choosing the next target
All the indicators point towards an expanded 

population of KBOs ahead of the spacecraft, perhaps 

HYHQ�DV�IDU�RXW�DV�����$8��KLGGHQ�EH\RQG�WKH�OLPLWV�

RI�RXU�FXUUHQW�REVHUYDWRULHV��/XFNLO\��WKHVH�OLPLWV�

ZLOO�VRRQ�EH�SXVKHG�EDFN�E\�WZR�QHZ�WHOHVFRSHV��

WKH�9HUD�5XELQ�2EVHUYDWRU\�DQG�WKH�5RPDQ�6SDFH�

7HOHVFRSH��ZKLFK�VKRXOG�ERWK�EH�LQ�RSHUDWLRQ�E\�WKH�

HQG�RI�������%RWK�RI�WKHVH�ZLOO�SHHU�GHHSHU�LQWR�WKH�

gloom, seeking out even more potential KBOs. 

“We’ve already found  
a dozen objects way  
beyond where we expected.  
And that’s the tip of the iceberg”
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Neptune

Pluto
KUIPER BELT

New Horizons
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W Living on the 

edge: the Sun is 

just a glimmer 

out where New 

Horizon roams. The 

piano-sized probe is 

currently 8.7 billion 

kilometres (5.4 

billion miles) away
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“Because the sky is so dark out there way 
beyond the middle Solar System, we’re able  
to probe the Cosmic Optical Background” 

“It’s a needle in a haystack problem,” says Stern. 

“But we’re searching very hard. The spacecraft 

has the power to operate until the year 2050, but 

RSHUDWLRQV�IRU�D�Ɔ\�E\�UHTXLUH�PRUH�SRZHU��VR�ZH�FDQ�

RQO\�GR�Ɔ\�E\V�XQWLO������RU�PD\EH�������7KDWŝV�D�

long time.”

(YHQ�LI�WKHUH�LV�QR�RWKHU�WDUJHW�IRU�D�SRWHQWLDO�Ɔ\�E\��

WKHUH�LV�VWLOO�PXFK�VFLHQWLƅF�ZRUN�IRU�1HZ�+RUL]RQV�WR�

do. It is one of only three spacecraft to have seen the 

outermost reaches of our Solar System and to have 

been able to call back home with what it has found. 

“The last ones to come out this way were the 

Voyagers,” explains Stern. “They were built in the  

ŝ��V��2XU�VSDFHFUDIW�ZDV�EXLOW�LQ�WKH���VW�FHQWXU\��

Our particle and plasma spectrometers are orders  

of magnitude more capable.”

The mission is currently investigating three main 

VFLHQWLƅF�ƅHOGV��SODQHWDU\�VFLHQFH��DVWURSK\VLFV�DQG�

heliophysics.

“In the planetary science bucket, we’re observing 

.XLSHU�%HOW�REMHFWV�DV�ZH�SDVV�WKHP�E\��1RW�DW�FORVH�

enough range to see their geology, but close enough 

to study their surface properties and to search for 

satellites,” says Stern.

,Q�DGGLWLRQ�WR�3OXWR�DQG�$UURNRWK��1HZ�+RUL]RQV�

KDV�REVHUYHG����RWKHU�.%2V�XVLQJ�LWV�/RQJ�5DQJH�

5HFRQQDLVVDQFH�,PDJHU��/255,���HVVHQWLDOO\�D�����LQFK�

UHƆHFWLQJ�WHOHVFRSH��:KLOH�WKH�DSHUWXUH�LV�VLPLODU�WR�

what an amateur astronomer might have in their 

EDFN�JDUGHQ��/255,�KDV�WZR�PDMRU�DGYDQWDJHV��

LWŝV�PXFK�FORVHU�WR�LWV�WDUJHWV�WKDQ�RXU�(DUWK�EDVHG�

telescopes and it’s able to view these KBOs from 

VHYHUDO�GLIIHUHQW�DQJOHV�DV�LW�ƆLHV�SDVW��

“They’re very tiny and very softly lit by the Sun out 

WKHUH�Š�VD\V�6WHUQ��ş2QO\�1HZ�+RUL]RQV�FDQ�VWXG\�KRZ�

their brightness varies as they rotate.”

As well as revealing information about their shape 

DQG�URWDWLRQ�UDWHV��VWXG\LQJ�KRZ�WKH�OLJKW�UHƆHFWV�

off the KBOs from different angles can also reveal 

details of their surface characteristics, such as 

roughness and albedo. 

Seeing in the dark
1HZ�+RUL]RQV�KDV�DQRWKHU�DGYDQWDJH�WKDW�KHOSV�ZLWK�

the astrophysics part of its science remit, in that it is 

EH\RQG�WKH�IDLQW�IRJ�FUHDWHG�E\�OLJKW�UHƆHFWLQJ�RII�

dust in the inner Solar System.

“Because the sky is so dark out there way beyond 

the inner and middle Solar System, we’re able 

to probe something called the Cosmic Optical 

Background much more sensitively than has ever 

been done before,” says Stern.

T Dwarf planet 

Quaoar (‘Kwa-war’), 

imaged with the 

LORRI instrument  

in July 2016 from  

14 AU away
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Ezzy Pearson is 

BBC Sky at Night 

Magazine’s features 

editor. Her book 

Robots in Space is 

available through 

History Press

A tale of two fly-bys 
New Horizons has been travelling through space for the last 18 years 

New Horizons launched from 

Cape Canaveral, Florida, on  

19 January 2006. A year later,  

it flew past Jupiter, using the 

planet’s gravity to boost its 

speed to 84,000km/h 

(52,000mph). It still took the 

spacecraft over nine years  

to travel the five billion 

kilometres (three billion 

miles) to Pluto. 

On 14 July, the spacecraft 

passed just 12,500km (7,800 

miles) away from Pluto and its 

moons Charon, Styx, Nix, 

Kerberos and Hydra. Despite 

the speed at which it whipped 

past the planet, New Horizons 

was able to conduct detailed 

observations. Pluto was 

unveiled as a complex world 

with a jumble of different 

terrains, including a wide 

heart-shaped region of bright 

nitrogen ice called Tombaugh 

Regio, after Clyde Tombaugh 

who discovered Pluto. 

Even before the Pluto 

encounter, the New Horizons 

team had looked for other 

potential fly-by targets, 

eventually narrowing in on 

2014 MU69, nicknamed Ultima 

Thule and later named 

Arrokoth. New Horizon flew 

3,500km (2,200 miles) past the 

object on 1 January 2019, when 

they were 43.4 AU from the 

Sun. The images revealed 

Arrokoth to be a double-lobed 

object, around 32km (22 miles) 

long and surprisingly red in 

colour – most likely due to the 

mixture of organic chemicals 

contained within its icy form. 

The information gleaned 

from these short encounters 

with two very different objects 

has helped planetary 

scientists shape our 

understanding of the Kuiper 

Belt – and left them crossing 

their fingers that they may  

still add a third to the roster.

New Horizons has got  

up-close to Pluto (main image) 

and Arrokoth (top) so far

The Cosmic Optical Background is the combined 

visible light from the stars in all the galaxies beyond 

RXU�0LON\�:D\��DV�ZHOO�DV�IURP�WKH�EULJKWO\�JORZLQJ�

accretion discs around black holes. 

7KH�1HZ�+RUL]RQV�WHDP�XVHG�/255,�WR�PHDVXUH�

the background back in 2023, as well as assessing 

the Cosmic Ultraviolet Background using the Alice 

ultraviolet spectrometer. The results of both are still 

being studied, but will eventually be used to identify 

how many galaxies there are in the Universe beyond 

those we can see individually.

)LQDOO\��1HZ�+RUL]RQV�LV�FXUUHQWO\�MRXUQH\LQJ�

through the outer edge of the heliosphere, the 

extended atmosphere of the Sun, a bubble created 

E\�LWV�PDJQHWLF�ƅHOG�DQG�WKH�VRODU�ZLQG��

“Presently we’re approaching something called  

WKH�WHUPLQDWLRQ�VKRFN��ZKLFK�LV�WKH�ƅUVW�PLOHVWRQH�

of leaving the heliosphere and proceeding into 

LQWHUVWHOODU�VSDFH�Š�H[SODLQV�6WHUQ��ş:H�H[SHFW�WR�

start crossing the termination shock possibly as  

soon as three years from now.” 

The termination shock marks the point where 

solar wind particles begin to slow down as the Sun’s 

LQƆXHQFH�EHJLQV�WR�LQWHUDFW�ZLWK�WKH�VXUURXQGLQJ�

interstellar medium. The Voyager probes previously 

passed the termination shock when they were around 

90 AU from the Sun. A few years later, they crossed 

into interstellar space completely, at a distance of  

����$8��$V�WKH�9R\DJHU�SUREHV�ZHUH�EXLOW�ZLWK�OLWWOH�

NQRZOHGJH�RI�ZKDW�WKH\�ZRXOG�ƅQG�LQ�WKH�UHJLRQ��WKH\�

lacked the instruments to fully explore the solar wind 

particles they found. 

%XW�WKHLU�ORVV�ZDV�1HZ�+RUL]RQVŝ�JDLQ��DQG�LW�KDV�

EHHQ�ZHOO�HTXLSSHG�IRU�WKH�WDVN��7KH�VSDFHFUDIW�LV�

expected to head into interstellar space sometime 

LQ�WKH�����V��ZKHUH�LWV�LQVWUXPHQWV�ZLOO�EH�DEOH�WR�

PHDVXUH�WKH�ƆRZ�RI�SDUWLFOHV�LQ�WKH�UHJLRQ��UHYHDOLQJ�

KRZ�RXU�KHOLRVSKHUH�VXSSRUWV�LWVHOI�DJDLQVW�WKH�ƆRZ�

of the interstellar medium. 

After that, we’ll just have to wait and see what 

1HZ�+RUL]RQV�ƅQGV�DV�LWV�MRXUQH\�FRQWLQXHV�RXWZDUG�

into the distant dark of interstellar space, beyond the 

edge of our Solar System. 

S With the light and dust pollution of the inner Solar System in its rear-view 

mirror, the probe is free to isolate the Cosmic Optical Background. To date 

it’s been able to identify seven new light sources in the distant Universe




