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The Vera C Rubin Observatory has 

UHOHDVHG�LWV�ƅUVW�LPDJHV��FDSWXULQJ�

PLOOLRQV�RI�JDOD[LHV�DQG�VWDUV��DORQJ�ZLWK�

WKRXVDQGV�RI�DVWHURLGV��7DNHQ�GXULQJ�

MXVW����KRXUV�RI�WHVW�REVHUYDWLRQV��WKH�

LPDJHV�PDUN�WKH�FXOPLQDWLRQ�RI�RYHU�WZR�

GHFDGHV�RI�ZRUN��7KH\�VKRZ�IUDFWLRQV�RI�

WKH�QLJKW�VN\�LQ�H[WUDRUGLQDU\�GHƅQLWLRQ��

EXW�WKH�REVHUYDWRU\�ZLOO�VRRQ�WDUJHW�D�

IHDVW�RI�FRVPLF�SKHQRPHQD��IURP�

DVWHURLGV�DQG�FRPHWV�WR�VXSHUQRYDH�

5XELQ�2EVHUYDWRU\�VLWV�DW�WKH�VXPPLW�

RI�&HUUR�3DFK³Q�LQ�&KLOH��ZKHUH�WKH�

FRPELQDWLRQ�RI�GU\�DLU�DQG�GDUN��FOHDU�

VNLHV�FUHDWHV�H[FHOOHQW�REVHUYLQJ�

FRQGLWLRQV��,W�LV�QDPHG�DIWHU�$PHULFDQ�

DVWURQRPHU�9HUD�&�5XELQ��ZKR�SURYLGHG�

WKH�ƅUVW�FRPSHOOLQJ�HYLGHQFH�IRU�WKH�

H[LVWHQFH�RI�GDUN�PDWWHU��WKH�LQYLVLEOH�

PDWHULDO�WKDW�SHUPHDWHV�RXU�8QLYHUVH��

([SORULQJ�WKH�QDWXUH�RI�GDUN�PDWWHU�DQG�

GDUN�HQHUJ\�ZLOO�EH�RQH�RI�WKH�QHZ�

REVHUYDWRU\ŝV�ELJJHVW�VFLHQWLƅF�PLVVLRQV��

rubinobservatory.org 

X�Read more in our feature on page 28

First light for Vera 

Rubin Observatory 
New science facility 

captures cosmic phenomena 

on unprecedented scales

The new observatory hopes  

to lift the lid on the invisible 

forces shaping the Universe
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Inside the

The brand-new observatory is about to begin  
its 10-year survey of the night sky. KR Callaway 

visited the facility to find out how it will shed light  
on the Universe’s darkest mysteries 

D
riving up dusty mountain 

URDGV�ƆDQNHG�E\�FDFWL�

DQG�FRORXUIXO�EXUVWV�RI�

ZLOGƆRZHUV��LWŝV�KDUG�WR�

LPDJLQH�WKHVH�TXLHW�SHDNV�

LQ�WKH�&KLOHDQ�$QGHV�DUH�KRPH�WR�VRPH�

RI�WKH�PRVW�VRSKLVWLFDWHG�DVWURQRPLFDO�

LQVWUXPHQWV�RQ�(DUWK��$WRS�&HUUR�

3DFK³Q��������PHWUHV�������IW��DERYH�VHD�

OHYHO��WKH�QHZO\�FRQVWUXFWHG�9HUD�&�5XELQ�

2EVHUYDWRU\�LV�UHDG\�WR�UHVKDSH�RXU�

XQGHUVWDQGLQJ�RI�WKH�FRVPRV��,WV����\HDU�

/HJDF\�6XUYH\�RI�6SDFH�DQG�7LPH��/667��

LV�VODWHG�WR�VWDUW�ODWHU�WKLV�\HDU�

9LVLWLQJ�WKH�IDFLOLW\�LQ�0D\��LW�ZDV�D�

PDUYHO�WR�VHH�WKH�WHOHVFRSH�ZKLUULQJ�WR�

OLIH��*DWKHUHG�RQ�D�SODWIRUP�LQVLGH�WKH�

GRPH�ZLWK�VFLHQWLVWV�DQG�RWKHU�YLVLWRUV��

,�ZDWFKHG�DV�WKH�PDVVLYH�WHDO�FRORXUHG�

VWUXFWXUH�URWDWHG�DQG�DQJOHG�WRZDUGV�

WKH�VN\��:H�ZHUH�VHHLQJ�LW�PRYH�DW�RQO\�D�

IUDFWLRQ�RI�LWV�PD[LPXP�VSHHG��EXW�LW�ZDV�

DOUHDG\�IDVW�DQG�ƆXLG��JOLGLQJ�EHWZHHQ�

SRVLWLRQV��$W�IXOO�VSHHG��WKH�WHOHVFRSH�ZLOO�

FRPSOHWH�VFDQV�RI�WKH�HQWLUH�6RXWKHUQ�

+HPLVSKHUH�VN\�LQ�MXVW�WKUHH�RU�IRXU�

QLJKWV��FROOHFWLQJ�WKRXVDQGV�RI�GHWDLOHG�

SLFWXUHV�ZLWK�LWV�������PHJDSL[HO�GLJLWDO�

FDPHUD��WKH�ZRUOGŝV�ODUJHVW�R
U
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A new era of sky watching 

– Rubin will map the most 

ambitious 3D time-lapse of the 

Universe ever attempted

X Vera Rubin, whose  

work offered early evidence  

for dark matter, lends her  

name to the observatory
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7KH�FDPHUDŝV�ƅUVW�LPDJHV��UHOHDVHG�LQ�-XQH��ZHUH�D�

SUHYLHZ�RI�ZKDW�WR�H[SHFW�IURP�WKH�GHFDGH�ORQJ�/667�

VXUYH\��2QH��D�ZLGHƅHOG�YLHZ�RI�WKH�VRXWKHUQ�9LUJR�

&OXVWHU�FDOOHG�WKH�&RVPLF�7UHDVXUH�&KHVW��ORRNHG�

GHHSO\�LQWR�MXVW�D�VPDOO�SHUFHQWDJH�RI�ZKDW�5XELQ�FDQ�

VHH��,W�UHYHDOHG�D�VWDUWOLQJ�OHYHO�RI�FODULW\��ZLWK�DURXQG�

���PLOOLRQ�JDOD[LHV�VSULQJLQJ�IRUWK�LQ�ULFK�GHWDLO��

ş$Q\�LPDJH�LV�YHU\�H[FLWLQJ�Š�VD\V�9LQFHQW�5LRW��

IRUPHU�/667�&DPHUD�SURMHFW�PDQDJHU��ş,W�EDVLFDOO\�

PHDQV�WKDW�HYHU\WKLQJ�ZRUNV�Š�%XW�5LRW�DGPLWV�

KH�LV�HYHQ�PRUH�H[FLWHG�WR�VHH�GDWD�UHOHDVHG�DIWHU�

WKH�VXUYH\�VWDUWV��<HW�PRUH�FRPSUHKHQVLYH�LPDJHV�

FRYHULQJ�ZLGHU�ƅHOGV�RI�YLHZ�ZLOO�HPHUJH�DV�WKH�

WHOHVFRSH�WUDFHV�WKH�VN\�QLJKW�DIWHU�QLJKW��FUHDWLQJ�

D�G\QDPLF�SRUWUDLW�RI�WKH�8QLYHUVH�

A telescope with a mission
1DPHG�DIWHU�WKH�ODWH�$PHULFDQ�DVWURQRPHU�9HUD�

5XELQ������Ś�������ZKRVH�UHVHDUFK�RQ�JDOD[\�URWDWLRQ�

\LHOGHG�WKH�ƅUVW�VROLG�HYLGHQFH�IRU�GDUN�PDWWHU��WKH�

REVHUYDWRU\�VWDUWHG�DV�DQ�LGHD�IRU�D�GDUN�PDWWHU�

WHOHVFRSH�LQ�WKH�HDUO\�����V��6FLHQWLVWV�ZDQWHG�WR�

FUHDWH�DQ�RSWLFDO�V\VWHP�WKDW�FRXOG�VHH�JDOD[LHV�QHDU�

DQG�IDU��JLYLQJ�XV�D�EHWWHU�XQGHUVWDQGLQJ�RI�KRZ�GDUN�

PDWWHU�DQG�GDUN�HQHUJ\�JXLGH�WKHLU�VWUXFWXUH�DQG�

DUUDQJHPHQW��+RZHYHU��FUHDWLQJ�D�WHOHVFRSH�ZLWK�

VXFK�D�VHQVLWLYH�RSWLFDO�V\VWHP�DQG�ZLGH�ƅHOG�

RI�YLHZ�PHDQW�LW�ZRXOG�EH�FDSDEOH�RI�PXFK�PRUH�

WKDQ�ORRNLQJ�IRU�WKH�XQVHHQ�

ş:H�NQHZ�WKDW�LI�ZH�ZHUH�JRLQJ�WR�EH�VXFFHVVIXO��

ZH�KDG�WR�FRYHU�D�EURDG�UDQJH�RI�VFLHQFH�Š�VD\V�ĻHOMNR�

,YH]LÇ��GLUHFWRU�RI�WKH�REVHUYDWRU\��

/RRNLQJ�IRU�IDLQW��IDUDZD\�JDOD[LHV�DOVR�KROGV�

OHVVRQV�DERXW�WKHLU�IRUPDWLRQ��/DUJH�JDOD[LHV�OLNH�RXU�

RZQ�DUH�WKRXJKW�WR�EH�WKH�SURGXFW�RI�PDQ\�VPDOOHU�

JDOD[LHV�PHUJLQJ��5XELQŝV�LQWULFDWH�RSWLFDO�V\VWHP�

LV�H[SHFWHG�WR�SLFN�XS�RQ�IDLQW�UHPQDQWV�RI�WKHVH�

PHUJHUV�DQG�RWKHU�VLJQV�RI�WKH�0LON\�:D\ŝV�HYROXWLRQ�

,Q�DGGLWLRQ�WR�FUHDWLQJ�WKH�GHHS��FRPSRVLWH�

LPDJHV�WKDW�PDNH�VHHLQJ�IDLQW�REMHFWV�SRVVLEOH��

UHSHDWHGO\�SKRWRJUDSKLQJ�HDFK�DUHD�RI�WKH�QLJKW�

VN\�HQDEOHV�5XELQ�WR�WUDFN�DQ\�FKDQJHV�WKDW�RFFXU��

VXFK�DV�DVWHURLGV�PRYLQJ�WKURXJK�WKH�6RODU�6\VWHP��

EULJKW�VXSHUQRYDH�H[SORVLRQV�DQG�RWKHU�REMHFWV�

WKDW�FKDQJH�SRVLWLRQ�RU�EULJKWQHVV�RYHU�WLPH��,W�WRRN�

FDUHIXO�SODQQLQJ�DQG�D�XQLTXH�GHVLJQ�WR�FUHDWH�DQ�

LQVWUXPHQW�SRZHUIXO�HQRXJK�WR�DGGUHVV�DOO�WKHVH�

VFLHQFH�JRDOV�ZLWK�WKH�VDPH�GDWDVHW��ş<RX�VWDUW�ZLWK�

VRPH�KLJK�OHYHO�VFLHQFH�JRDOV��DQG�WKHQ�\RX�WULFNOH�

WKDW�GRZQ�LQWR�WKH�YDULRXV�VXEV\VWHPV�Š�H[SODLQV�

.HYLQ�)DQQLQJ��FRPPLVVLRQLQJ�VFLHQWLVW�DQG�PHPEHU�

RI�WKH�FDPHUD�SURMHFW�WHDP��

6FLHQWLVWV�LQ�GR]HQV�RI�FRXQWULHV�KHOSHG�SODQ�

DQG�EXLOG�WKH�REVHUYDWRU\ŝV�KLJKO\�FXVWRPLVHG�

LQVWUXPHQWV�DQG�VRIWZDUH��EHJLQQLQJ�LQ�WKH�ODWH�

����V��7KHQ��SLHFH�E\�SLHFH��HYHU\WKLQJ�IURP�WKH�

The Cosmic Treasure Chest  

VKRZV����PLOOLRQ�JDOD[LHV��MXVW�D�

WDVWH�RI�WKH����ELOOLRQ�5XELQ�ZLOO�

FKDUW�RYHU�WKH�QH[W�GHFDGH

S Telescope 

components, like 

the huge 8.4-metre 

PLUURU�VKRZQ�KHUH��

KDG�WR�EH�FDUHIXOO\�

transported up  

Cerro Pachón 

mountain
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WHOHVFRSHŝV�PLUURUV�WR�WKH�FDPHUD�LWVHOI�ZDV�FDUHIXOO\�

WUDQVSRUWHG�Ś�RIWHQ�WKRXVDQGV�RI�PLOHV�Ś�WR�WKH�

VXPPLW�RI�&HUUR�3DFK³Q��1RZ�IXOO\�DVVHPEOHG��WKH�

REVHUYDWRU\�LV�DEOH�WR�TXLFNO\�DQG�SUHFLVHO\�WXUQ�

SDUWLFOHV�RI�OLJKW�IURP�GLVWDQW�FHOHVWLDO�REMHFWV�LQWR�

SURFHVVHG�GDWD�

Taming a data mountain
The sheer volume of information Rubin will gather demands a completely new approach

Every time the Rubin camera captures 

a new patch of sky, it generates a fresh 

stream of data about the Universe. While 

this will be a massive treasure trove for 

astronomical research, handling it poses 

a unique challenge. 

Previous astronomical surveys, such 

as the Sloan Digital Sky Survey, used 

software designed for large datasets, 

but nothing on the scale that Rubin 

demands. With a 3,200-megapixel image 

captured roughly every 30 seconds, 

the observatory will generate about 20 

terabytes of data a night, requiring a 

complete rethink of how astronomical 

data is handled. 

“It was a giant effort over a decade,” 

VD\V�,YH]LÇ��7KH�NH\�OLHV�LQ�LWV�PRGXODU�

GHVLJQ��7KH�FDPHUD�KDV�����VHQVRUV��HDFK�

RI�ZKLFK�VSOLWV�LWV�LPDJH�GDWD�LQWR����

parts when it’s time to read out the data. 

Because these segments are processed 

in parallel, the camera can read out the 

entire image in about two seconds. Once 

out of the camera, this data – too large 

to be downloaded by individual scientists 

– is stored online and in the cloud, relying 

on advances in storage and bandwidth 

that didn’t exist when the observatory 

ZDV�ƅUVW�FRQFHLYHG�

The camera’s 189 sensors 

split each image into smaller 

segments for rapid processing

At the summit control 

room, teams oversee 

WKH�ƆRZ�RI�5XELQŝV�

massive data stream

W The telescope is designed for speed and precision,  

FDSWXULQJ�DURXQG�������LPDJHV�D�QLJKW�DQG�VFDQQLQJ�

the entire Southern sky every three nights

7KHVH�SDUWLFOHV�Ś�SKRWRQV�Ś�ƅUVW�VWULNH�WKH�

WHOHVFRSHŝV�SULPDU\�PLUURU��$W�����PHWUHV������IW��LQ�

GLDPHWHU��LW�LV�RQH�RI�WKH�ODUJHVW�WHOHVFRSH�PLUURUV�

HYHU�SURGXFHG�DV�D�VLQJOH�SLHFH�RI�JODVV��,WV�ODUJH�VL]H�

PHDQV�LW�ZLOO�EH�DEOH�WR�FDSWXUH�DQ�LPPHQVH�DPRXQW�

RI�OLJKW��LQFOXGLQJ�IURP�YHU\�IDLQW�DQG�GLVWDQW�JDOD[LHV��

7KH�PLUURU�ZDV�FDVW�LQ�$UL]RQD�E\�KHDWLQJ�JODVV�DW�

WHPSHUDWXUHV�RYHU������p&�������z)��RQ�D�PRXOG�

SODFHG�ZLWKLQ�D�VSLQQLQJ�RYHQ��7KHQ��DIWHU�PRQWKV�RI�

FDUHIXO�SUHSDUDWLRQ��SROLVKLQJ�DQG�DGGLWLRQDO�WHVWLQJ��

LW�ZDV�WUDQVSRUWHG�E\�VKLS�WR�&KLOH��ZKHUH�LW�ZDV�

FRDWHG�ZLWK�VLOYHU�RQ�VLWH�

Built for speed
)URP�WKH�SULPDU\�PLUURU��SKRWRQV�ERXQFH�WR�WKH�

WHOHVFRSHŝV�����PHWUH������IW��VHFRQGDU\�PLUURU�

Ś�RQH�RI�WKH�ODUJHVW�FRQYH[�PLUURUV�HYHU�PDGH�Ś�DQG�

WKHQ�EDFN�GRZQ�WR�D�WHUWLDU\�PLUURU�HPEHGGHG�LQ�

WKH�SULPDU\��%HFDXVH�LWV�ƅUVW�DQG�WKLUG�PLUURUV�DUH�

FRPELQHG�LQWR�D�VLQJOH�VWUXFWXUH��5XELQ�LV�PXFK�

VPDOOHU�WKDQ�D�WHOHVFRSH�ZLWK�VLPLODU�FDSDELOLWLHV�

DQG�WKUHH�VHSDUDWH�PLUURUV�PLJKW�EH��7KLV�FRPSDFW�

VLOKRXHWWH�DOVR�PHDQV�WKH�WHOHVFRSH�FDQ�PRYH�IDVW��

DQ�HVVHQWLDO�IHDWXUH�FRQVLGHULQJ�LW�LV�H[SHFWHG�WR�

S The primary 

mirror, pictured in 

the on-site silver-

FRDWLQJ�FKDPEHU

X
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S Left: Rubin’s 

3.5-metre 

secondary mirror 

directs light from 

the primary onto 

the massive camera 

Right: the LSST 

Camera mounted  

in the observatory 

is the world’s largest 

digital camera, with 

a 3,200-megapixel 

sensor. For 

comparison, the 

iPhone 16 Pro has 

a 48-megapixel 

camera 
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catalogue the entire Southern Hemisphere sky a 

thousand times over by the end of its 10-year survey.

$IWHU�SDVVLQJ�WKHVH�PLUURUV��WKH�SKRWRQV�ƅQDOO\�

enter the LSST Camera. Weighing 2,800kg (6,170 

pounds) and roughly the size of a small car, it’s a 

colossus. When visiting the dome, you might expect 

it to be easy to spot, but it is so well integrated into 

the telescope that you can only catch glimpses of it 

at certain angles. Inside the camera are three lenses 

DQG�D�URWDWLQJ�FDURXVHO�RI�ƅOWHUV�WKDW�WRJHWKHU�IRFXV�

light towards its image sensors and add colour to the 

pictures it creates.

The heart of the LSST Camera is its focal plane, a 

64cm-wide (25-inch) array made up of 189 individual 

sensors placed just half a millimetre (0.02 inches) 

apart. Each sensor acts as a little eye for the camera, 

collecting its own portion of the image data. And it’s 

a lot of data: every image taken by Rubin’s camera 

has a resolution of 3,200 megapixels – 260 times 

that of a modern smartphone camera – and covers 

an area of the sky equivalent to about 45 full Moons. 

Displaying all the data from a single Rubin camera 

LPDJH�ZRXOG�UHTXLUH�����KLJK�GHƅQLWLRQ�WHOHYLVLRQV�

The images start their data-processing journey 

E\�ƅUVW�WUDYHOOLQJ�WKURXJK�D�WDQJOH�RI�ZLUHV�WR�DQ�LQ�

house data centre below the camera. After an initial 

DQDO\VLV��WKH\�IROORZ�D�GHGLFDWHG�XQGHUVHD�ƅEUH�

optic cable from Cerro Pachón to SLAC in California. 

There, they will be compared to past pictures taken 

in the same direction, spotting changes in the night 

sky and sending out automatic alerts – anywhere 

between one and 10 million each night – to the 

Cosmic Abundance: part of a 

Southern sky Rubin will return 

to night after night, building a 

dynamic portrait of the Universe

X
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KR Callaway is a 

freelance journalist 

and editor 

specialising in 

science, health, 

history and policy

Q&A with Alan Strauss
Rubin Observatory’s outreach lead on why the science belongs to everyone

What is Vera C 

Rubin Observatory’s 

education and public 

outreach programme?

Data from the 

observatory’s cutting-

edge equipment will be 

available to everyone, 

from researchers at elite universities 

to citizen scientists and even school 

children. It’s all part of the observatory’s 

public outreach initiative, an effort to 

bring more people into the discovery 

process.

7R�P\�NQRZOHGJH��WKLV�LV�WKH�ƅUVW�WLPH�

that the US government has funded 

education and outreach as part of 

the construction and operation of an 

observatory.

/RQJ�EHIRUH�LW�WRRN�LWV�ƅUVW�LPDJHV��

Rubin’s nascent outreach team came 

together to envision the many audiences 

the observatory could serve: the science-

interested general public, teachers and 

their students, researchers in the Rubin 

science community, and citizen scientists 

who want to volunteer their time to 

analysing data.

Why is connecting with the public 

crucial, even before the survey begins?

We want people to get excited about 

this. Rubin is a unique project in the 

way data is being provided to every US 

astronomer, every Chilean astronomer, 

and other data rights holders.

Some initiatives, such as workshops 

for teachers and astronomy-related 

citizen science projects, are already 

available. And as survey data becomes 

available, there will be more ways for 

people interested in Rubin’s science to 

get involved.

science community. Finally, Rubin’s images will join 

an extensive database that scientists can turn to to 

unravel the Universe’s many mysteries.

Poised to rewrite astronomy
Creating the cutting-edge equipment that makes 

this process possible took nearly 30 years, from the 

ƅUVW�VNHWFKHV�RI�WKH�SURSRVHG�GDUN�PDWWHU�WHOHVFRSH�

LQ������WR�ƅUVW�OLJKW�HDUOLHU�WKLV�\HDU��(YHU\�VFLHQWLVW�

involved in the project seems to have a differing 

opinion on which part of the process posed the 

JUHDWHVW�FKDOOHQJH��EXW�SDVW�GLIƅFXOWLHV�RQO\�DGG�WR�

WKHLU�SULGH�LQ�WKH�ƅQLVKHG�SURGXFW�

“This is a very challenging project, because our 

goals are very ambitious,” says Aaron Roodman, 

deputy director at the observatory. “We have pushed 

what is possible to the limit, in many different 

directions, to achieve those goals.”

Expanding the realm  

of possibility with state- 

of-the-art optics and  

software systems, Rubin 

promises to generate 

much more data than any 

observatory before it – 

approximately 20 terabytes 

(20,000 gigabytes) per 

night. And unlike many 

observatories, which allocate 

time to astronomers pursuing 

VSHFLƅF�UHVHDUFK�JRDOV��5XELQŝV�

survey will produce a large, 

uniform dataset available to 

researchers across many areas of astronomy.

(YHQ�EHIRUH�GDWD�FROOHFWLRQ�IRU�WKH�VXUYH\�RIƅFLDOO\�

begins later this year, excitement has been building 

both atop the summit and around the world. 

Thousands of people across six continents tuned in 

WR�VHH�WKH�XQYHLOLQJ�RI�WKH�REVHUYDWRU\ŝV�ƅUVW�LPDJHV��

While impressive, these are just the opening few 

frames of what observatory scientists are calling a 

time-lapse movie of our Universe.

ş,�ZDV�LQ�WKH�FRQWURO�URRP�ZKHQ�ZH�WRRN�WKH�ƅUVW�

image,” says Alexandre Boucaud, a software engineer 

DW�WKH�)UHQFK�1DWLRQDO�&HQWUH�IRU�6FLHQWLƅF�5HVHDUFK�

�&156���ş,W�IHOW�OLNH�D�JUHDW�DFKLHYHPHQW�Ś�EXW�ƅYH�

minutes later, it felt like just the beginning.”

The reporting for this article was partially 

supported by a grant from the US National  

Science Foundation

With an exceptionally large  

ƅHOG�RI�YLHZ��5XELQ�FDWFKHV�

sweeping nebulae scenes  

in a single frame




