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WHAT THE WORLD’S BIGGEST CAMERA WILL CAPTURE

DISCOVER THE NEW ERA  

OF HUMAN SPACEFLIGHT

HAS THE JWST BROKEN 

MODERN COSMOLOGY?

WATCH THE MOON COVER  

RINGED PLANET SATURN  

WHY THE MILKY WAY IS 

LACKING ANCIENT STARS

ON TEST: UNISTELLAR’S 

ODYSSEY PRO SMART SCOPE

The first mission 
to fly on another 
world gets the 
green light
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Jamie Carter reports 

from the Vera Rubin 

Observatory in Chile, 

where the largest 

camera ever built will 

soon start shooting the 

ultimate space movie:  

an ultra-wide, ultra-

high-definition record  

of the southern sky

C
hile’s Elqui Valley hides  

a secret door to the stars. 

A narrow highway heads 

east through the region’s 

fertile carpet of green 

dedicated to producing grapes for 

both wine and Chile’s famous Pisco 

brandy. I found myself making my 

way along a dirt road beside one of 

the region’s many vineyards. After 

using the proper paperwork to pass 

through the checkpoint, I travelled 

along 20 miles of mountain passes 

to the summit of Cerro Pachón. Here 

is the Gabriela Mistral Dark Sky 

Sanctuary, which numbers among the 

darkest and driest places on Earth. 

X

THE WORLD’S

Shooting the dark Universe with
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The 3,200-megapixel  

Rubin Observatory camera 

will record an extraordinarily 

detailed timelapse view of our 

Universe over 10 years
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S The focal plane, 

where light comes 

to a focus inside  

the cryostat, has 

189 16-megapixel 

CCD sensors
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On a mountain ridge 2,700m above sea level is the 

new home to one of astronomy’s most important 

new facilities, the Vera C Rubin Observatory. It’s been 

taking shape here since 2015 and, from next year,  

is set to change astronomy forever.

Rubin Observatory is not alone on the mountain-

side. A few miles before the ridge is a turn-off to 

the Cerro Tololo Inter-American Observatory, while 

just beyond it is the 8.1-metre (26.5ft) Gemini South 

telescope. Beyond that, the 4.1-metre (13.4ft) SOAR 

(Southern Astrophysical Research) telescope. It’s a 

breathtaking place to be – in more ways than one, 

thanks to the thin air at such altitude. Even getting 

out of the car too quickly was enough to make me 

dizzy. Like another recent arrival, I’d come to take 

a look around. But while I was here to explore the 

observatory, this new addition will be the one taking 

in the night sky above.

Camera as big as a car
In late May this year, the world’s largest camera 

arrived at the Rubin Observatory. The camera 

has taken a decade to build at the SLAC National 

Accelerator Laboratory, California. It’s about the size 

of a car and cost $168 million (£132 million), funded 

E\�WKH�86�'HSDUWPHQW�RI�(QHUJ\ŝV�2IƅFH�RI�6FLHQFH��

With a 64cm-wide (2ft) focal plane covered in 189 

individual 16-megapixel CCD sensors, its images will 

be a whopping 3,200 megapixels. A single image 

WDNHQ�XVLQJ�WKLV�FDPHUD�LV�ODUJH�HQRXJK�WR�ƅOO������.�

ultra-HD TV screens. That level of detail is essential 

EHFDXVH�WKH�WHOHVFRSHŝV�ƅHOG�RI�YLHZ�ZLOO�EH�����VTXDUH�

degrees, seven times wider than the diameter of the 

full Moon. It adds up to a vast ‘eye on the sky’, whose 

power is equivalent to seeing a golf ball from about 

24km (15 miles) away. 

At the heart of the Rubin Observatory sits the 

Simonyi Survey Telescope. Throughout this summer, 

the team at the observatory are preparing the 

telescope, ensuring everything is in place for the 

largest astronomy camera ever built to be mounted 

on it in November. The camera will record the sky as 

part of the Legacy Survey of Space and Time (LSST), 

a hugely ambitious project to produce the largest 

astronomical movie of all time.

L1 lens L2 + L3 lens

Shutter

Filter change 

mechanism

3.2-gigapixel CCD mosaic

Cryostat

Utility trunk

Filters

SCALE

Inside the world’s biggest 

camera: after bouncing off 

the telescope’s three mirrors, 

light reaches three fused-

silica lenses, the largest being 

the 1.55-metre (5ft) front lens

X

5’
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“It’s going to image the whole southern sky 

once every three to four nights, taking around 800 

30-second exposures per night,” says Sandrine 

Thomas, deputy director for Rubin construction for 

AURA, which operates and builds observatories on 

behalf of the US National Science Foundation. 

“By the end of the 10-year survey, we’ll have about 

����REVHUYDWLRQV�RI�HDFK�����VTXDUH�GHJUHHV�ƅHOG�RI�

the southern sky. After each 30-second exposure, it 

ZLOO�PRYH�WR�WKH�QH[W�ƅHOG�LQ�ƅYH�VHFRQGV��VR�IURP�WKH�

beginning of one exposure to the next is only about 

39 seconds.”

The speed and accuracy of the survey will allow 

astronomers to study the Universe as it changes in 

real time, from night to night. This is time-domain 

astronomy, the study of sources of light that vary 

over time. That includes events that appear and 

fade over seconds, hours, days or even years. It’s here 

primarily to probe some of the Universe’s biggest 

mysteries, notably the nature of dark energy and  

dark matter.

The same dataset will be uniquely suited to a broad 

range of other astronomy too. By the time the LSST 

project is over, it will have catalogued about 40 billion 

celestial objects, including interstellar comets and 

DVWHURLGV��IUHH�ƆRDWLQJ�VWDUV��ELOOLRQV�RI�JDOD[LHV�DQG�

millions of supernovae. “Only a handful of supernovae 

have ever been observed in our galaxy, but LSST 

will be a supernova factory,” says Leanne Guy, data 

management scientist at Rubin Observatory. 

“We’ll also detect 50–90 per cent of all potentially 

hazardous asteroids that are larger than 140 metres 

����IW���ZKLFK�FRXOG�EH�PRUH�WKDQ�ƅYH�PLOOLRQ�

asteroids in the 10-year survey,” she enthuses. “It will 

be revolutionary for science.”

A super-wide eye on the sky
For once, this is not a new observatory you can judge 

by the size of its mirror. With an 8.4-metre-diameter 

(27.5ft) primary mirror, the Simonyi Survey Telescope 

has a smaller light-collecting area than Hawaii’s 

.HFN�2EVHUYDWRU\��DQG�HYHQ�5XELQŝV�QHDU�QHLJKERXU��

Gemini South. But comparisons are moot. 

“What is so very special about Rubin is its étendue,” 

says Guy. Étendue is French for extent and describes 

an optical system in terms of both its light-gathering 

Who was Vera Rubin?
She provided the first compelling 

evidence that dark matter exists

Rubin Observatory takes its 

name from astronomer Vera 

Rubin (1928–2016). In the 

1970s, she produced the first 

compelling evidence for dark 

matter, a hypothetical form of 

invisible matter that seems to 

explain the movements of 

stars, planets and galaxies. 

It’s estimated to make up 

about 27% of the Universe’s 

matter-energy.

No one believed that dark 

matter was real before 

Rubin’s meticulous 

investigations of the 

rotational properties of 

galaxies. Its existence was 

originally postulated in the 

1930s by Fritz Zwicky, but he 

didn’t provide sufficient 

evidence to convince the 

community. After struggling 

to make an impact on 

male-dominated astronomy, 

it was Rubin’s study with Kent 

Ford of how outer stars in 

spiral galaxies rotate at the 

same speed as inner stars 

that proved key. It revealed a 

discrepancy between the 

observed and predicted 

motions of matter in galaxies, 

the first compelling evidence 

for the existence of dark 

matter, challenging existing 

scientific beliefs. Rubin 

received a National Medal of 

Science in 1993 for her 

pioneering research. The 

Rubin Observatory is named 

in her honour.

Rubin’s strength is its exceptionally  

wide view, pulling in light from an area 

seven times wider than the full Moon 

 – and doing it 800 times a night

Rubin’s experiments 

proved that there’s 

substantial dark 

matter in the haloes  

around galaxies

X
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T One of the six 

filters. Rubin can 

change filters up to 

four times per night
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DELOLW\�DQG�LWV�ƅHOG�RI�YLHZ��ş,WŝV�DEVROXWHO\�PDVVLYH��

$Q�RUGHU�RI�PDJQLWXGH�KLJKHU�WKDQ�DQ\�RWKHU�

WHOHVFRSH�Š�VD\V�*X\��,WŝV�WKDW�XQLTXHO\�KLJK�©WHQGXH�

WKDW�ZLOO�DOORZ�5XELQ�WR�VXUYH\�WKH�VN\�VR�UDSLGO\�DQG�

GHHSO\��VRPHWKLQJ�WKDW�QHLWKHU�.HFN�QRU�*HPLQL�

6RXWK�FRXOG�HYHQ�DWWHPSW��

$�OLPLWDWLRQ�RI�DOO�WHOHVFRSHV�LV�ZKDW�DVWURQRPHUV�

FDOO�ŜVHHLQJŝ��,WŝV�WKH�GHJUDGDWLRQ�RI�WKH�LPDJH�RI�DQ�

DVWURQRPLFDO�REMHFW�GXH�WR�WKH�DLU�PDVV�DQG�WKH�

WXUEXOHQFH�RI�WKH�DLU��,I�\RXŝYH�HYHU�XVHG�D�WHOHVFRSH�

DW�KRPH�DQG�QRWLFHG�WKDW�D�SODQHW�FDQ�ORRN�IX]]\�RQH�

GD\�DQG�FOHDU�WKH�QH[W��\RXŝYH�DOUHDG\�H[SHULHQFHG�LW��

7HOHVFRSHV�ZLWK�D�QDUURZ�ƅHOG�RI�YLHZ�FDQ�FRUUHFW�IRU�

WKLV�XVLQJ�DGDSWLYH�RSWLFV��EXW�WKDW�GRHVQŝW�ZRUN�RYHU�

D�ZLGH�ƅHOG�RI�YLHZ�OLNH�5XELQŝV��

,QVWHDG��WKH�5XELQ�WHDP�UHGXFHG�WKH�HIIHFWV�RI�

VHHLQJ�E\�FKRRVLQJ�D�VLWH�ZKHUH�WKH�DWPRVSKHUH�

KDV�DV�OLWWOH�LPSDFW�DV�SRVVLEOH��ş:H�QHHG�D�VLWH�

ZLWK�D�FDOP�DWPRVSKHUH�DQG�ORZ�FORXG�FRYHUDJH�Š�

VDLG�7KRPDV��&HUUR�3DFK³Q�LV�DOVR�QRW�RQ�PDQ\�

ƆLJKW�SDWKV��VR�WKHUH�DUH�UDUHO\�FRQWUDLOV�IURP�SODQHV�

WR�ZRUU\�DERXW��7KH�UHVXOW�LV�WKH�KLJKHVW�SRVVLEOH�

QXPEHU�RI�ZKDW�DVWURQRPHUV�FDOO�SKRWRPHWULF�QLJKWV�

Ś�FOHDU��WUDQVSDUHQW�VNLHV�ZLWK�QR�YLVLEOH�FORXGV��

AI takes control
,I�WKH�FDPHUD�LV�5XELQŝV�KHDUW��LWV�EUDLQ�LV�DQ�DUWLƅFLDO�

LQWHOOLJHQFH�SRZHUHG�VFKHGXOHU��ZKLFK�GHWHUPLQHV�

ZKHUH�WR�ORRN�DQG�ZKDW�ƅOWHUV�WR�XVH��EDVHG�RQ�WKH�

FXUUHQW�VWDWH�RI�WKH�VN\�DQG�WKH�VFLHQWLƅF�RXWSXW�

WKDWŝV�QHHGHG��:LWK�MXVW����VHFRQGV�EHWZHHQ�HDFK�

H[SRVXUH��WKHUHŝV�QR�WLPH�IRU�SHRSOH�WR�EH�LQYROYHG��

VR�HYHU\�WLQ\�PRYHPHQW�RI�WKH�WHOHVFRSH�LV�HQWLUHO\�

SODQQHG�E\�WKH�VFKHGXOHU�

ş,WŝV�D�UHZDUG�EDVHG�V\VWHP��ZKHUH�WKH�UHZDUG�LV�

RSHQ�VKXWWHU�WLPH�Š�VD\V�*X\��ş:H�NQRZ�WKH�0RRQŝV�

SKDVHV��EXW�LW�KDV�RWKHU�LQIRUPDWLRQ�FRPLQJ�LQ�IURP�

WKH�ZHDWKHU�V\VWHPV�DQG�HQJLQHHULQJ�V\VWHPV��DQG�

LW�FDQ�NHHS�FKDQJLQJ�LWV�SODQ��EXW�LWŝV�JRW�HQRXJK�

LQWHOOLJHQFH�WR�NQRZ�ZKHUH�HOVH�WR�JR�WR�PD[LPLVH�

RSHQ�VKXWWHU�WLPH�Š�

:KDW�WKDW�VFKHGXOHU�FDQQRW�GR��KRZHYHU��LV�DQ\�

GDWD�SURFHVVLQJ��7KH�/667�ZLOO�SURGXFH�����LPDJHV�

HDFK�QLJKW�LQ�VL[�ZDYHOHQJWKV��IURP�XOWUDYLROHW�WR�

QHDU�LQIUDUHG��WKDQNV�WR�LWV�KXJH�ƅOWHUV�DQG�ƅOWHU�

ZKHHO��7KH�QLJKWO\�GDWD�ZLOO�WRWDO����WHUDE\WHV��EXW�

S The giant 

structure where the 

3,200-megapixel 

camera will join the 

8.4-metre (27.5ft) 

Simonyi Telescope

X



Jamie Carter is  

a seasoned astro 

tourist, travel writer 

and eclipse chaser
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WKHUHŝV�QRWKLQJ�RQ�WKH�PRXQWDLQWRS�WKDW�FDQ�WHOO�

LI�LW�KDV�MXVW�LPDJHG�D�VXSHUQRYD�JRLQJ�RII�RU�QRW��

5HPDUNDEO\��MXVW�VHYHQ�VHFRQGV�DIWHU�DQ�LPDJH�

LV�UHFRUGHG�RQ�&HUUR�3DFK³Q�LW�ZLOO�KDYH�WUDYHOOHG�

GRZQ�WKH�PRXQWDLQ�YLD�D�ƅEUH�RSWLF�QHWZRUN�DW�

VSHHGV�RI����*%�SHU�VHFRQG��HYHQWXDOO\�DUULYLQJ�

DW�D�GDWD�FHQWUH�DW�6/$&��$OJRULWKPV�JDORUH�ZLOO�EH�

DSSOLHG�WR�LW�DQG�ZLWKLQ�����VHFRQGV�RI�LW�EHLQJ�WDNHQ��

VXSHUFRPSXWHUV�FDQ�FRPSDUH�LW�WR�D�UHIHUHQFH�LPDJH��

LGHQWLI\LQJ�LI�DQ\WKLQJ�KDV�FKDQJHG��

ş7KH�JRDO�LV�WR�VHH�LI�WKHUHŝV�DQ\WKLQJ�QHZ�LQ�

WKDW�SDUW�RI�WKH�VN\�WKDW�KDV�FKDQJHG�LQ�SRVLWLRQ�

RU�EULJKWQHVV�RU�WKDW�KDV�PRYHG�Š�VD\V�*X\��ş7KLV�

FRXOG�EH�DQ�DVWHURLG��D�PHWHRU��D�FRPHW��D�VXSHUQRYD�

RU�D�WUDQVLHQW�REMHFW�Š�

Avalanche of alerts
,I�VRPHWKLQJ�LV�LGHQWLƅHG��DQ�DOHUW�ZLWK�WKH�VN\�

SRVLWLRQ�DQG�EULJKWQHVV�LV�VHQW�WR�WKH�JOREDO�

DVWURQRPLFDO�FRPPXQLW\��$VWURQRPHUV�FDQ�WKHQ�

UHTXHVW�WLPH�RQ�RWKHU�ODUJH�WHOHVFRSHV�WR�VWXG\�

WKDW�QHZ�REMHFW��7KHUH�LV��KRZHYHU��D�SUREOHP��

ş:H�ZLOO�SURGXFH����PLOOLRQ�DOHUWV�SHU�QLJKW�Š�VD\V�

*X\��ZKR�WKLQNV�WKDW�every image�FRXOG�SURGXFH�

�������DOHUWV��7KHVH�ZLOO�ƅUVW�KDYH�WR�EH�VRUWHG�DQG�

SURFHVVHG�E\�VRIWZDUH�V\VWHPV�EHIRUH�EHLQJ�ƆDJJHG�

WR�DVWURQRPHUV��ş<RX�FDQŝW�IROORZ�XS�RQ�HYHU\�RQH�

RI�WKRVH��DQG�PRVW�RI�WKHVH�ZLOO�VLPSO\�EH�YDULDEOH�

VWDUV��EXW�VRPH�ZLOO�EH�LQWHUHVWLQJ�Ś�VRPH�ZLOO�EH�

VXSHUQRYDH�Š�

2QFH�WKH�FDPHUD�LV�PRXQWHG�ODWHU�WKLV�\HDU��WKH�

HQWLUH�V\VWHP�ZLOO�EH�WHVWHG�VWDUWLQJ�-DQXDU\�������

ZLWK�WKH�WHOHVFRSH�DOLJQHG�DQG�WKH�PLUURUV�DGDSWHG�

WR�PDNH�LPDJHV�VKDUS��$IWHU�D�VKRUW�FRPPLVVLRQLQJ�

VXUYH\��WKH�/667�ZLOO�EHJLQ�DW�WKH�HQG�RI������RU�WKH�

EHJLQQLQJ�RI�������FRPPHQFLQJ�9HUD�5XELQŝV�TXHVW�WR�

VZHHS�WKH�VN\�QLJKW�DIWHU�QLJKW�

The dark Universe
Rubin will help reveal how dark matter 

and energy have shaped our cosmos

Dark matter is the mysterious 

substance that appears to 

thread through our Universe, 

holding it together with its 

gravity. We can’t see it, but we 

can detect its influence. Over 

time, the LSST will build up a 

deep, detailed map of the 

cosmos that astronomers will 

examine for signs of dark 

matter. One way it will do this 

is by looking for signs of 

weak gravitational lensing. 

As light from a distant galaxy 

travels through the Universe, 

it passes ‘clumps’ of dark 

matter, the gravity of which 

bends the light’s path slightly. 

This leaves distortions in our 

view of the cosmos, which 

astronomers can pick apart 

to build a map of dark matter 

structures throughout the 

entire Universe.

This in turn will help them 

examine dark energy, the 

strange force driving the 

cosmos apart and 

accelerating the expansion of 

the Universe. As the light of 

distant objects takes so long 

to reach us, we’re seeing 

them as they were in the past. 

The depth of the LSST’s map 

means it will reveal the 

distribution of dark matter 

not just across the night sky, 

but how it’s changed through 

time. Cosmologists will be 

able to analyse this to learn 

more about how dark energy 

has shaped our Universe.

One of Rubin’s targets 

will be light distortions 

in space, a sign of dark 

PDWWHUŝV�LQƆXHQFH

S Rubin will be 

a “supernovae 

factory”, imaging 

millions of stellar 

explosions, as 

well as comets, 

asteroids, transient 

objects and galaxies 

by the billion
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