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Govert Schilling visits the revolutionary new observatory 

in Chile that’s set to lift the lid on the mysterious, invisible 

dark matter that dominates the Universe

Scanning the dark Universe with the 

ome 15 minutes west of the town  

of Vicuña, in the Valle del Elqui in 

northern Chile, a steep and winding 

gravel road leads south from  

Highway 41 to the summit of Cerro 

Pachón, almost 2,700 metres above  

sea level. Since the early 2000s, the mountaintop 

has been home to the 8.1-metre Gemini South 

Telescope and the 4.1-metre Southern Astrophysical 

Research Telescope. But today, the scene is 

dominated by a huge, futuristic cylindrical building, 

housing a revolutionary telescope that will uncover 

the Universe’s darkest secrets. Welcome to the  

Vera C Rubin Observatory.

The observatory’s main telescope is unlike any 

other ever built. Its 8.4-metre diameter mirror  

– a novel combination of a ring-like primary mirror 

surrounding a much more strongly curved tertiary 

mirror cut from the same glass blank – has a giant 

���p�ƅHOG�RI�YLHZ��DV�ZLGH�DV�VHYHQ�IXOO�0RRQV�VWUXQJ�

together. Two to three times a week, a monstrous 

3.2-gigapixel digital camera – the largest ever 

built – will snap a razor-sharp and extremely deep 

image every 30 seconds, covering all of the night sky 

visible from Chile. In 10 years’ time, each and every 

visible star and galaxy in the southern sky will have 

been visited by Rubin at least 800 times: the most 

comprehensive survey of the cosmos ever made. >
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High and mighty: Rubin 

Observatory will produce 

the deepest ever image  

of the entire southern sky
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Þ The facility will house a 3.2-gigapixel 

camera, the largest ever built, and the world’s 

biggest high-performance optical lens

“Rubin is absolutely unique,” says Robert Blum, 

director for operations of the observatory. “Nothing 

like this survey has been done before.” 

Cosmologist Catherine Heymans of the Royal 

Observatory Edinburgh, and the Astronomer Royal 

for Scotland, is equally thrilled. “This visionary project 

has been part of my academic life since I started my 

PhD in 2000,” she says. “I was so delighted when the 

8.�MRLQHG�5XELQ�LQ������DQG�,�RIƅFLDOO\�EHFDPH�D�SDUW�

of this groundbreaking new initiative. Everyone is 

H[FLWHG�DERXW�ZKDW�ZH�PLJKW�ƅQG�Š

Completion of the new observatory, which is a 

partnership of the US National Science Foundation 

(NSF) and the US Department of Energy (DOE), 

was delayed by a couple of years because of the 

&29,'����SDQGHPLF��EXW�DFFRUGLQJ�WR�%OXP��ƅUVW�

light is now expected in early 2024, with full science 

operations scheduled to start later that year. “All  

of the main telescope subsystems and mirrors are  

in Chile and nearly ready for integration,” he says. 

Initial alignment of the system, including installation 

of a smaller commissioning camera, should have 

been done by the time you read this article. “We hope 

to ship the main camera to Chile around February  

2023,” says Blum.

This giant camera, built by DOE’s SLAC National 

Accelerator Laboratory in California and weighing 
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The colossal 300-tonne 

telescope mount, onto 

which the giant camera 

and optics will be installed

11m wind/light screen

30m dome

350-tonne telescope

16m telescope pier

27m vertical platform lift

Camera clean room

75-tonne M1M3 telescope cell

Coating chamber

Control room

Machine shop
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more than three tonnes, is an engineering marvel 

in itself. Its 25-inch diameter focal plane is covered 

by 189 CCD detectors of 16 million pixels each. 

Cooled down to –100°C for better sensitivity, the 

array registers stars as faint as 25th magnitude in 

exposures of a mere 30 seconds through one of six 

EURDGEDQG�ƅOWHUV��$IWHU�HDFK�H[SRVXUH��WKH�H[WUHPHO\�

compact and stiff telescope will slew to its next 

SRVLWLRQ�LQ�MXVW�ƅYH�VHFRQGV��QLJKW�DIWHU�FORXGOHVV�

night. Known as the Legacy Survey of Space and 

Time (LSST), the project will take a whopping 

200,000 images per year and has an expected data 

rate of 10–20 terabytes every night. 

Bigger, wider, deeper
/667�LV�QRW�WKH�ƅUVW�GHHS�FRVPRORJLFDO�VXUYH\�� 

“There have been some wonderful projects before,” 

says camera project scientist Steven Ritz from 

University of California at Santa Cruz, “but the 

combination of the Vera C Rubin Observatory’s large 

ƅHOG�RI�YLHZ�DQG�GHSWK�UHDOO\�PDNHV�IRU�VRPHWKLQJ�

new altogether.” 

Heymans notes that Rubin will cover almost 700 

times the area of the Hyper Suprime-Cam (HSC) 

deep survey on the Japanese 8.2-metre Subaru 

Telescope in Hawaii (which has a more or less 

FRPSDUDEOH�VHQVLWLYLW\���ZKLOH�LW�SURGXFHV�VLJQLƅFDQWO\�

deeper images than the Dark Energy Survey (DES) 

on the nearby 4-metre Victor M Blanco Telescope 

at Cerro Tololo Inter-American Observatory, which 

covered 3.6 times less sky than Rubin will.

Like DES and the smaller HSC survey, the Legacy  

Survey of Space and Time is a dark energy 

experiment. Dark energy is a theoretical energy 

that is pushing the Universe apart, which has been 

hypothesised to explain why cosmic expansion 

is accelerating. One of the goals of the Rubin 

2EVHUYDWRU\�LV�WR�ƅQG�RXW�KRZ�WKLV�P\VWHULRXV�

property has evolved over cosmic time and how it 

KDV�LQƆXHQFHG�WKH�JURZWK�RI�ODUJH�VFDOH�VWUXFWXUHV�

like clusters and superclusters. This can be achieved 

by precisely mapping the three-dimensional 

distribution of billions of galaxies.

Moreover, it will be able to study minute distortions 

in the images of galaxies – caused by a phenomenon 

known as weak gravitational lensing – which can 

directly measure how mass is distributed in space, 

Þ The camera  

team celebrate 

attaching the 

cryostat, with its 

28-inch lens and  

201 sensors, onto 

the camera body

>

Rubin’s goals include 

unravelling how dark energy 

LQƆXHQFHV�JDOD[\�FOXVWHUV� 

like the Virgo Cluster 
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including the invisible dark matter that is believed 

to make up some 85 per cent of all the gravitating 

stuff in the Universe.

$VWURQRPHUV�DUH�FRQƅGHQW�WKDW�GDUN�HQHUJ\�DQG�

GDUN�PDWWHU�SOD\�D�SLYRWDO�UROH�LQ�WKH�HYROXWLRQ�RI�

WKH�8QLYHUVH��EXW�WKH\�KDYH�IHZ�FOXHV�DV�WR�WKH�WUXH�

QDWXUH�RI�WKHVH�WZR�P\VWHULRXV�LQJUHGLHQWV��ş:LWK� 

WKH�DYDODQFKH�RI�GDWD�WKDW�5XELQ�EULQJV��ZH�ZLOO� 

The name game
The observatory is named after pioneering 

astronomer Vera C Rubin

The revolutionary telescope under 

construction at Cerro Pachón was 

originally called the Large 

Synoptic Survey Telescope, but  

in early 2020 it was announced  

the new observatory would be 

named after American astronomer 

Vera C Rubin (1928–2016). Starting 

in the late 1960s, Rubin, together 

with her Carnegie Institution of 

Washington colleague Kent Ford, 

measured the rotational properties 

of the Andromeda Galaxy and a 

number of other nearby spiral 

galaxies, and found convincing 

evidence for the existence of 

invisible, dark matter in the 

outskirts of these stellar systems.

The concept of dark matter is 

much older and radio astronomers 

had made similar observations 

before, but US Congress decided 

on the name change to honour 

Rubin’s pioneering work in the 

field of dark matter research, as 

well as in overcoming gender-

based discrimination, paving the 

way for other women in astronomy. 

The 8.4-metre telescope of the 

observatory is now officially 

known as the Simonyi Survey 

Telescope, after a major private 

donor. Meanwhile, the original 

acronym LSST was saved: it now 

denotes the observatory’s Legacy 

Survey of Space and Time.

EH�FRQIURQWLQJ�D�ZLGH�UDQJH�RI�ERWK�FRQYHQWLRQDO�

and exotic theories on the dark side of our Universe,” 

VD\V�+H\PDQV�

$SDUW�IURP�VWDWLRQDU\�VWDUV�DQG�JDOD[LHV��5XELQ�

ZLOO�DOVR�GLVFRYHU�PLOOLRQV�RI�PRYLQJ�REMHFWV��OLNH�

UHPRWH�FRPHWV��DVWHURLGV��.XLSHU�%HOW�REMHFWV��ZKLFK�

OLH�EH\RQG�1HSWXQHŝV�RUELW���QHDU�(DUWK�REMHFWV�WKDW�

might pose an impact threat to our home planet, 

Rubin established 

VRPH�RI�WKH�ƅUVW�

HYLGHQFH�IRU�GDUN�

PDWWHUŝV�H[LVWHQFH

>

The view from space
Two upcoming space telescopes will work together with Rubin to understand the unseen Universe

,Q�������HYHQ�EHIRUH�WKH�9HUD�&�5XELQ�

2EVHUYDWRU\�EHJLQV�LWV�XQSUHFHGHQWHGO\�

WKRURXJK�VXUYH\�RI�WKH�GLVWDQW�8QLYHUVH��

WKH�(XURSHDQ�6SDFH�$JHQF\�ZLOO�ODXQFK�

LWV�����PHWUH�GLDPHWHU�(XFOLG�VSDFH�

WHOHVFRSH��ZKLFK�LV�SXUVXLQJ�YHU\�VLPLODU�

JRDOV��VWXG\LQJ�GDUN�HQHUJ\�DQG�GDUN�

PDWWHU�E\�SUHFLVHO\�PDSSLQJ�DQG�LPDJLQJ�

ELOOLRQV�RI�JDOD[LHV��)RXU�\HDUV�ODWHU��1$6$�

ZLOO�IROORZ�VXLW�ZLWK�LWV�����PHWUH�1DQF\�

*UDFH�5RPDQ�6SDFH�7HOHVFRSH��6R�KRZ�

GR�WKH�WKUHH�SURMHFWV�FRPSDUH"

$FFRUGLQJ�WR�&DWKHULQH�+H\PDQV�IURP�

WKH�5R\DO�2EVHUYDWRU\�(GLQEXUJK��5XELQ�

ZLOO�GZDUI�(XFOLG�DQG�5RPDQ�LQ�WHUPV�RI�

VHQVLWLYLW\��EHFDXVH�RI�LWV�PXFK�ODUJHU�

SULPDU\�PLUURU��%XW��VKH�DGGV��WKH�5XELQ�

2EVHUYDWRU\�VLWV�XQGHUQHDWK�WKH�(DUWKŝV�

DWPRVSKHUH�DQG�ZRQŝW�EH�DEOH�WR�REWDLQ�

LPDJHV�DV�FULVS�DV�WKRVH�FDSWXUHG�E\�WKH�

WZR�VSDFH�WHOHVFRSHV�

ş7KH�VHFUHW�WKDW�LV�UDUHO\�RSHQO\�

GLVFXVVHG��KRZHYHU�Š�VKH�VD\V��şLV�WKDW�

WKHVH�WHOHVFRSHV�QHHG�HDFK�RWKHU�LQ�

RUGHU�WR�WUXO\�VXFFHHG�LQ�WKHLU�VFLHQWLƅF�

JRDOV��(XFOLG�UHTXLUHV�5XELQŝV�PXOWLFRORXU�

LPDJLQJ��DQG�5XELQ�FDQ�EHQHƅW�IURP�

KLJK�UHVROXWLRQ�GDWD�>IURP�VSDFH@�WR�

XQWDQJOH�WKH�PDQ\�EOHQGHG�JDOD[\�

LPDJHV�LW�ZLOO�VHH�Š

+RZ�H[DFWO\�WKH�GDWD�IURP�WKHVH�

LQVWUXPHQWV�ZLOO�EH�FRPELQHG�LV�VWLOO�D�

WRSLF�RI�KRW�GLVFXVVLRQ��VD\V�+H\PDQV��

EXW�E\�ZRUNLQJ�WRJHWKHU�WKH\�ZLOO�EH�

DEOH�WR�DGGUHVV�D�ZLGH�DUUD\�RI�GLIIHUHQW�

science goals.

Þ /LNH�5XELQ��(XFOLG��OHIW��DQG�1DQF\�5RPDQ��ULJKW��

ZLOO�VFRXU�WKH�VNLHV�IRU�GDUN�HQHUJ\�DQG�GDUN�PDWWHU
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O
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Govert Schilling’s book  

The Elephant in the Universe  

is published by Harvard 

University Press
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DQG�PD\EH�HYHQ�WKH�K\SRWKHWLFDO�3ODQHW�1LQH�LQ�WKH�

GLVWDQW�UHDFKHV�RI�WKH�6RODU�6\VWHP��ş7KH�ZHDOWK�RI�

QHZ�6RODU�6\VWHP�REMHFWV�ZH�ZLOO�XQFRYHU�LV�VXSHU�

H[FLWLQJ�Š�VD\V�%OXP�

7KHUH�DUH�PDQ\�RWKHU�GLVFRYHU\�RSSRUWXQLWLHV��

HVSHFLDOO\�LQ�WLPH�GRPDLQ�DVWURQRP\��WKH�DELOLW\�WR�

VWXG\�KRZ�WKH�ZKROH�VN\�FKDQJHV�RYHU�D�ZLGH�UDQJH�

RI�WLPHVFDOHV��ZKLFK�+H\PDQV�UHIHUV�WR�DV�ŜZKRRVK�

ƆDVK�EDQJ�DVWURQRP\ŝ��

ş7KHUHŝV�D�ORW�JRLQJ�RQ�WKDW�ZH�GRQŝW�\HW�

XQGHUVWDQG�Š�VD\V�5LW]��

Data avalanche on its way
5XELQŝV�UHSHDWHG�YLVLWV�WR�WKH�VDPH�DUHDV�RI�VN\�ZLOO�

\LHOG�KXQGUHGV�RI�ŜDOHUWVŝ�SHU�VHFRQG�ZKHUH�VRPHWKLQJ�

KDV�FKDQJHG��FRXQWOHVV�YDULDEOH�VWDUV��VWHOODU�

ƆDUHV��QRYDH�DQG�VXSHUQRYDH��EXW�DOVR�WKH�RSWLFDO�

FRXQWHUSDUWV�RI�H[SORVLYH�HYHQWV�OLNH�JDPPD�UD\�

bursts, fast radio bursts, tidal disruption events and 

JUDYLWDWLRQDO�ZDYH�VRXUFHV�

ş,�DP�PRVW�H[FLWHG�WR�VHH�KRZ�RXU�FRPPXQLW\�

ZRUNV�ZLWK�WKH�DOHUW�VWUHDP�Š�VD\V�%OXP��ş,�DP�DOVR�

DQ[LRXV�WR�VHH�KRZ�VXFFHVVIXO�ZH�ZLOO�EH�LQ�VHWWLQJ�XS�

D�QHWZRUN�RI�WHOHVFRSHV�IRU�IROORZ�XS�REVHUYDWLRQV�Š

2SHUDWHG�E\�16)ŝV�1DWLRQDO�2SWLFDO�,QIUDUHG�

$VWURQRP\�5HVHDUFK�/DERUDWRU\��12,5/DE��DQG�

6/$&��WKH�9HUD�&�5XELQ�2EVHUYDWRU\�ZLOO�WDNH����

\HDUV�WR�FRPSOHWH�WKH�/667�SURMHFW��5LJKW�QRZ��QR�

RQH�NQRZV�ZKDW�LW�ZLOO�EULQJ��

ş,�KDYH�OHDUQHG�QRW�WR�VSHFXODWH�Š�VD\V�5LW]��ş6FLHQFH�

RIWHQ�KDV�VXUSULVHV��ZKLFK�LV�JUHDW��:H�UHDOO\�ZDQW�WR�

VHH�ZKDW�GRHVQŝW�ƅW�RXU�H[SHFWDWLRQV��EHFDXVH�WKDWŝV�

RIWHQ�WKH�ƅUVW�VWHS�LQ�D�JUHDW�GLVFRYHU\�Š

As for the cosmological conundrums that scientists 

DUH�IDFHG�ZLWK��+H\PDQV�VHHV�WZR�SRVVLEOH�VFHQDULRV��

7KH�ƅUVW�LV�ZKDW�PDQ\�DVWURQRPHUV�DOUHDG\�WKLQN�LV�

WKH�FDVH��WKDW�GDUN�HQHUJ\�GRHVQŝW�FKDQJH�RYHU�WLPH��

ş,�IHDU�WKDW�ZRXOG�OHDG�XV�QR�IXUWKHU�LQ�RXU�MRXUQH\� 

WR�WUXO\�XQGHUVWDQG�WKH�RULJLQ�RI�WKH�GDUN�8QLYHUVH�Š�

VD\V�%OXP��

ş7KH�VHFRQG�VFHQDULR�LV�WKDW�ZH�ƅQG�HYLGHQFH�

RI�GDUN�HQHUJ\�HYROYLQJ�DQG�FKDQJLQJ�ZLWK�WLPH�RU�

VSDFH��7KDW�ZRXOG�DOORZ�IRU�WKH�H[LVWHQFH�RI�D�QHZ�

IRUFH�ƅHOG��ZKLFK�FRXOG�SRVVLEO\�EH�FRXSOHG�WR�WKH�

JUDYLWDWLRQDO�ƅHOG��

:KR�NQRZV�ZKDW�ZHŝOO�ƅQG�Ś�EXW�ZLWK�5XELQ�WKH�

GLVFRYHU\�SRWHQWLDO�LV�HQGOHVV�Š

Interview:  
J Anthony Tyson

Tyson first proposed the observatory 

that would become Rubin in 1996, 

directed the project for 15 years  

and is now its chief scientist

What are the differences between 

your original Dark Matter Telescope 

proposal and the final observatory?

Not that much. The large aperture 

and the corresponding need for  

a gigapixel camera are set by the 

needed throughput to carry out 

one comprehensive deep-sky 

survey. So that hasn’t changed. The 

main difference is the huge effort 

we have put into data management 

and software development.

How has the 1998 discovery of dark 

energy impacted the science case 

for the project?

The discovery of dark energy, 

using a previous camera we built 

called the Big Throughput 

Camera, added an important new 

science motivation for what was 

originally called the Large 

Synoptic Survey Telescope [now 

renamed the Legacy Survey of 

Space and Time]. But an even 

more important development has 

been the growth of time-domain 

astronomy. A good example is 

gravitational wave bursts, which 

Rubin will follow up.

Which results are you looking 

forward to most?

My main interest is in cosmology; 

the ‘new’ physics of dark matter 

and dark energy. There are 

multiple probes of that with the 

upcoming survey. But I’m most 

excited about the discovery of  

the unexpected.

Planet Nine – an unseen 

QLQWK�ZRUOG�SRVVLEO\� 

KLGLQJ�LQ�RXU�6RODU� 

6\VWHP�Ś�FRXOG�ƅQDOO\� 

EH�ZLWKLQ�JUDVS
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