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Understanding the cosmos 
takes the work of thousands 
of people. Ezzy Pearson 
spoke to astronomers 
across the world  
to look at the  
many different 
roles that go 
into observing 
our Universe

What’s it like to be a

PROFESSIONAL  
ASTRONOMER?

Dr Ezzy Pearson  

is BBC Sky at  
Night Magazine’s 

news editor
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Instrument 

builder

Creating professional astronomy hardware 
takes teams of dedicated instrumentation 
builders, like James Osborn

B
ack in the days of Galileo 

and Newton, an astronomer 

ZDV�D�ORQH��JXUH�DW�D�

telescope eyepiece they 

had created themselves. 

7KH\�ZRXOG�JR�WKURXJK�WKH�

VWDUV�DQG�SODQHWV�RQH�E\�RQH��WDNLQJ�

KDQGZULWWHQ�QRWHV�DQG�FUHDWLQJ�VNHWFKHV��

WR�EXLOG�XS�D�ZHDOWK�RI�LQIRUPDWLRQ�RYHU�

QLJKWV��\HDUV�DQG�GHFDGHV�

$V�WLPH�PRYHG�RQ��ELJJHU�WHOHVFRSHV�

ZHUH�EXLOW�LQ�SULPH�ORFDWLRQV�RQ�UHPRWH�

PRXQWDLQWRSV�DQG�GHVHUWV��$VWURQRPHUV�

ZRXOG�WUDYHO�WR�XVH�WKHP��EULQJLQJ�

VSHFLDOLVW�LQVWUXPHQWV�DQG�QHZO\�LQYHQWHG�

SKRWRJUDSKLF�HTXLSPHQW��7KLV�HQDEOHG�

WKHP�WR�FDSWXUH�WKH�OLJKW�RI�GR]HQV�RI�

distant objects that were too faint to be 

VHHQ�ZLWK�WKH�QDNHG�H\H��7KH\�FRXOG�WKHQ�

FDUU\�WKHVH�SKRWRJUDSKLF�SODWHV�KRPH� 

WR�DQDO\VH�WKH�REMHFWV��:LWK�VR�PXFK�GDWD�

WR�ORRN�DW��DVWURQRPHUV�EHJDQ�HPSOR\LQJ�

PDWKHPDWLFLDQV��NQRZQ�DV�FRPSXWHUV��

to do the work for them, while they 

SRQGHUHG�WKH�PHDQLQJ�RI�ZKDW�WKH\�VDZ�

7RGD\��DVWURQRP\�KDV�JURZQ�LQWR�

a collaborative process, with teams 

RI�VSHFLDOLVWV�LQYROYHG�DW�HYHU\�VWDJH��

(QJLQHHUV�FUDIW�QHZ�LQVWUXPHQWV�ZKLOH�

FRQVRUWLXPV�ZRUN�RQ�EXLOGLQJ�KXJH�

telescopes. These observatories are 

RIWHQ�VR�RXW�RI�WKH�ZD\��DQG�VR�FRPSOH[��

WKDW�DVWURQRPHUV�RIWHQ�GRQ�W�XVH�WKHP�

WKHPVHOYHV��,QVWHDG�WKH\�SXW�LQ�UHTXHVWV�

for observations that are then made 

by dedicated operators. Once they’ve 

received their data, science teams then 

ZULWH�SDSHUV��VKDULQJ�WKHLU�ZRUN�ZLWK�WKH�

FRPPXQLW\��7KH�GLVFRYHULHV�ZLOO�WKHQ�

GULYH�WKH�SXVK�IRU�QHZ�LQVWUXPHQWV�DQG�

WHOHVFRSHV��EHJLQQLQJ�WKH�F\FOH�DJDLQ�

We spoke to astronomy professionals 

IURP�DURXQG�WKH�ZRUOG�WR��QG�RXW�ZKDW� 

JRHV�LQ�WR�HYHU\�VWDJH�RI�XQGHUVWDQGLQJ�

the Universe…

“I’m an instrument builder, at 

the concept-driven, prototype 

stage – looking at the next 

idea that is going to drive 

us to step up performance. 

My favourite part is the idea 

generation stage, where we 

get people together around a whiteboard and 

say: “This is the problem, how do we solve it?” We 

want 10 crazy ideas that we can shake around to 

get one usable idea.

“Ideas are easy, but actually making it is the hard 

bit. You need specialists to work out how to build 

that instrument, design it, develop it and test it.

“A lot of the troubleshooting during 

development is done by PhD students and  

post-doctoral researchers – they learn a lot 

from doing that. Then once the instrument is 

developed, we’ll go to a big observatory and 

get the prototype instrument working on the 

sky. That’s pretty hardcore, with 20-hour days, 

working away from home. During the day this 

involves getting things working, including 

software and hardware. Then, at night, we’re 

actually seeing how it works on the sky.

“Once you’ve had a great idea and proved it 

works, it’s no good if it just sits in a room, so a 

big part of my job is talking to people, getting 

them to take on the new technology, and working 

together to build bigger instruments in the future.”

Dr James Osborn, Durham University

Putting ideas into action: Dr James Osborn 
tests his instruments on the 2.5m Isaac 
Newton Telescope in the Canary Islands
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Telescope liaison

How do you help with building the SKA?

�7KH�6TXDUH�.LORPHWHU�$UUD\��6.$��LV�MXVW�

VWDUWLQJ�LWV�FRQVWUXFWLRQ���WKRXJK�ZH�YH�EHHQ�

SODQQLQJ�LW�IRU�HLJKW�\HDUV���VR�D�ORW�RI�ZKDW�

ZH�UH�GRLQJ�DW�SUHVHQW�LV�GLVFXVVLQJ�WKH�GHVLJQ�

DQG�EXLOGLQJ�SURFHVV�WKURXJK�PHHWLQJV��7RR�

PDQ\�PHHWLQJV�,�ZRXOG�VD\��

How do these discussions affect the SKA?

�,�KDYH�WHFKQLFDO�PHHWLQJV�DOPRVW�HYHU\�GD\��,�FDQ�W�LQIRUP�WKHP�

RQ�ZKDW�VRUW�RI�FDEOLQJ�VKRXOG�EH�XVHG��EXW�LQ�WHUPV�RI�VFLHQWL�F�

QHHGV���ZKDW�ZDYHOHQJWKV�ZH�QHHG��ZKDW�VRUW�RI�VSHFWURPHWHUV��

KRZ�ELJ�WKH�WHOHVFRSH�KDV�WR�EH�WR�DFKLHYH�ZKDW�ZH�ZDQW�

��,�PLJKW��7KLV�LV�D�ELJ�VFLHQFH�SURMHFW�DQG�WKH�KLJKHVW�OHYHO�

UHTXLUHPHQWV�DUH�VFLHQWL�F��HYHU\WKLQJ�FRPHV�IURP�WKDW��

+RZ�DUH�\RX�SODQQLQJ�IRU�ZKHQ�WKH�WHOHVFRSH�LV��QLVKHG"

�7KHVH�GD\V��HVSHFLDOO\�DW�WKH�ODUJHVW�IDFLOLWLHV��\RX�GRQ�W�JR�WR�

WKH�WHOHVFRSH��<RX�SXW�LQ�D�SURSRVDO�DQG�RQH�GD\�\RX�JHW�DQ�

HPDLO�VD\LQJ���/DVW�QLJKW�ZH�REVHUYHG�\RXU�SURMHFW���:H�UH�JRLQJ� 

WR�KDYH�H[SHULHQFHG��WUDLQHG�RSHUDWRUV�PDNLQJ�WKH�REVHUYDWLRQV��

EXW�KRZ�ZLOO�SHRSOH�VXEPLW�SURSRVDOV�IRU�REVHUYDWLRQV"�+RZ� 

The Square Kilometer Array is a huge telescope being built across South Africa and Australia, and project scientists 
like Tyler Bourke ensure it will run to its fullest science potential

Dr Tyler Bourke, Project Scientist for the Square Kilometer Array

ZLOO�WKH\�ORRN�DW�WKH�GDWD"�:H�GLVFXVV�KRZ�WKH�WHOHVFRSH�ZLOO�

DFWXDOO\�UXQ�

�)LQDOO\��,�DOVR�JHW�SHRSOH�H[FLWHG�DERXW�WKH�SURMHFW��,W�V�RQH�

WKLQJ�WR�SXW�LQIRUPDWLRQ�RQ�D�ZHE�SDJH�RU�LQ�DQ�HPDLO��EXW�ZKHQ�

\RX�SUHVHQW�LW�LQ�D�URRP��JHW�SHRSOH�WDONLQJ�DQG�SODQQLQJ��\RX�

NHHS�LW�LQ�WKH�IRUHIURQW�RI�WKHLU�PLQGV��<RX�FDQ�W�SXW�D�YDOXH�RQ�

WKDW�LQWHUDFWLRQ��

Observation coordinator

When a transient event – such as a supernova or black hole merger – happens, astronomers like Sarah Antier race 
to observe the event before it fades from view

Dr Sarah Antier, Observatoire de la Côte d’Azur and the Virgo Consortium

“Violent phenomena 

��VXFK�DV�WKH�FROODSVH�

of massive stars or 

collisions of compact 

REMHFWV���UHOHDVH�

JUDYLWDWLRQDO�ZDYHV�

that are detectable 

E\�WKH�LQWHUIHURPHWHUV�OLNH�/,*2�

�/DVHU�,QWHUIHURPHWHU�*UDYLWDWLRQDO�

:DYH�2EVHUYDWRU\��DQG�9LUJR��

0HDQZKLOH��WKH�PDWHULDO�VXUURXQGLQJ�

WKHVH�HYHQWV�UHOHDVHV�KLJK�HQHUJ\�

JDPPD�UD\V��RSWLFDO�RU�QHDU�LQIUDUHG�

OLJKW��)XOO\�REVHUYLQJ�WKHVH�HYHQWV�FDQ�

KHOS�XV�XQGHUVWDQG�KRZ�PDWWHU�EHKDYHV�

XQGHU�QDWXUH�V�PRVW�H[WUHPH�FRQGLWLRQV��

EXW�WKDW�UHTXLUHV�PDQ\�REVHUYDWLRQV�

IURP�DURXQG�WKH�JOREH��7KDW�LQYROYHV�D�

ORW�RI�ORJLVWLFV�DQG�FRPPXQLFDWLRQ��EXW�

WKHVH�REVHUYDWLRQV�FDQ�OHDG�WR�ZRQGHUIXO�

GLVFRYHULHV�IRU�DVWURSK\VLFV��FRVPRORJ\�

DQG�IXQGDPHQWDO�SK\VLFV�

�$V�VRRQ�DV�D�JUDYLWDWLRQDO�ZDYH�LV�

detected, I receive an alert. I lead the 

*5$1'0$��WKH�*OREDO�5DSLG�$GYDQFHG�

1HWZRUN�'HYRWHG�WR�0XOWL�PHVVHQJHU�

$GGLFWV��FROODERUDWLRQ������DPDWHXUV�

DQG�SURIHVVLRQDOV��IURP����FRXQWULHV��WKDW�

coordinate observations.

“Members of the collaboration take 

VKLIWV�ZDLWLQJ�IRU�WKHVH�DOHUWV��7KH\�FDQ�

DUULYH�DW�DQ\�WLPH���DW�GLQQHU��GXULQJ�

P\�NLG�V�EDWK��DW�D�ZHGGLQJ���EXW�,�

ORYH�WKH�IHHOLQJ�RI�EHLQJ�RQ�D�WUHDVXUH�

KXQW�ZKHQ�WKH�DOHUW��UVW�DUULYHV��7KH�

�UVW�MRE�LV�WR�FKHFN�WKH��VDQLW\��RI�WKH�

DOHUW���GRHV�LW�KDYH�DQ�DVWURSK\VLFDO�

RULJLQ"�0HDQZKLOH��REVHUYDWRULHV�

VXFK�DV�WKH�7$527�WHOHVFRSH�QHWZRUN�

�ZKLFK�,�ZRUN�ZLWK��LPDJH�WKH�VRXUFH�

ZLWKLQ�VHFRQGV�RI�WKH�DOHUW��7KH�VRXUFH�

ZLOO�EHFRPH�ZHDNHU�DV�WKH�KRXUV�JR�E\��VR�

WKH��UVW����KRXUV�DIWHU�WKH�DOHUW�LV�D�UDFH��

Then we hand observations over to more 

VHQVLWLYH�WHOHVFRSHV�OLNH�(62��+XEEOH�RU�

-:67��/DWHU��ZH�XVH�DOO�WKH�GDWD�WR�H[WUDFW�

WKH�SK\VLFDO�SURSHUWLHV�RI�WKH�VRXUFH��

“Alerts of gravitational 
wave detections… can 

arrive at any time”

Tyler Bourke gets people 
excited about using the 
Square Kilometer Array

>
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Observational astronomer

Nicole Tan spends her time requesting observations and then analysing the 
data to study trans-Neptunian objects on the outskirts of the Solar System

Nicole Tan, PhD student at University of Canterbury

What does a typical 

day look like?

“I spend the majority 

of my time working 

on code and reading 

papers. Physically, 

that means a lot of 

sitting at a desk and staring at a computer 

screen! I’m also a teaching assistant for a 

few introductory astronomy courses. And 

of course, what is science without working 

with others – meetings with supervisors, 

meetings with collaborators – all avenues 

LQ�ZKLFK�,�JHW�WR�FKDW�DERXW�WKH��HOG��

Do you ever get to go out?

“Observing trips and conferences are an 

important aspect of being an astronomer. 

Unfortunately, because I started my PhD 

during COVID-19, all my conferences 

have been online. Thankfully, the data for 

my project has already been collected, 

so COVID-19 didn’t hinder that. Plus, 

most telescopes don’t need you to be 

there to observe. But there’s nothing 

like doing hands-on observing, so I’m 

glad that I recently got to go to Mount 

John Observatory here in New Zealand. 

It’s located in a dark-sky reserve – I’m 

originally from Singapore and have only 

ever known light-polluted skies, so I got  

WR�VHH�WKH�VRXWKHUQ�VN\�IRU�WKH��UVW�WLPH��

What are the best parts of being  

an observational astronomer?

“I like the fact that astronomy, especially in 

WKH�SODQHWDU\�VXE��HOG��LV�LQWHUGLVFLSOLQDU\��

,��LW�EHWZHHQ�FRPSXWHU�VFLHQFH��SK\VLFV��

geology, chemistry, data science and 

statistics. The deeper I delve into the 

niche topic of my research, the more my 

XQGHUVWDQGLQJ�RI�WKHVH��HOGV�H[SDQGV��

Is being an astronomer anything like 

what you expected?

�,�GLG�H[SHFW�WR�VSHQG�PRUH�WLPH�

observing. One thing I was surprised by 

is that posters are used so much as a 

regular presentation method. When I was 

in middle school presenting at the science 

fair, I never realised that I’d be doing the 

same thing at professional astronomy 

conferences. Of course, these ones are 

SURIHVVLRQDOO\�SULQWHG��ZLWK�VLJQL�FDQWO\�

OHVV�KDQG�FXW�DQG�JOXHG�HOHPHQWV��

Queue observer

After astronomers have submitted their request for a particular observation, it’s up to queue observers like Eli Golub 
to carry out the actual observations with the telescopes and instruments they operate

Eli Golub, WIYN observatory, Kitt Peak, Arizona

What do you get up  

to on a typical night?

“The job involves long 

shifts spent at the 

telescope, working 

in a control room 

alongside a telescope 

operator. Sometimes I like to joke that I’m 

a professional at sitting in one place for  

���KRXUV��WU\LQJ�RXW�QHZ�RI�FH�FKDLUV��EXW�

the job is so much more than that.

“I operate one of several instruments 

attached to the WIYN (Wisconsin-

Indiana-Yale-NOIRLab) telescope. My 

instrument is NEID, a spectrometer that 

�QGV�DQG�FKDUDFWHULVHV�H[RSODQHWV��

Part of my job is ensuring the starlight 

is correctly fed into NEID: a seemingly 

VLPSOH�WDVN�WKDW�V�VXUSULVLQJO\�FRPSOH[��

“Another part of my job is operating 

NEID’s queue, which is a scheduling 

system that we use to plan our nights 

DV�HI�FLHQWO\�DV�SRVVLEOH��,W�DOORZV�XV�WR�

observe different stars for astronomers 

IURP�DOO�RYHU�WKH�ZRUOG�LQ�D�VLQJOH�QLJKW��

Do you ever work during the day?

“I occasionally work day shifts where I get 

the opportunity to assist the engineers 

who are working to maintain and improve  

the telescope. 

“I also have side-projects that I work 

on when I’m not observing on the 

summit. These can be anything from 

software projects in support of telescope 

operations to my own research into 

H[RSODQHW�VFLHQFH��

Are there any drawbacks to the job?

“The isolation can be pretty tough 

mentally. Most of these shifts are done 

solo, with only your thoughts, the stars, 

and the occasional spider to keep you 

company. It’s not the worst thing, as it can 

be peaceful, but it certainly gets lonely 

IURP�WLPH�WR�WLPH��

...and analyses  
exoplanet data 

Nicole Tan swaps over 
instruments in the Mount 

John Observatory….

Eli Golub uses the NEID  
instrument to observe different 
targets for astronomers
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Simulation 
builders

Daniel Anglés-Alcázar creates 
detailed simulations of the Universe 
around us with the CAMELS project

Prof Daniel Anglés-Alcázar,  

the Flatiron Institute and  

University of Connecticut

“I use computers to 

answer questions 

about how different 

astrophysical objects 

work. We use as much 

physics as we believe is 

important to produce 

3D versions of simulated universes.

“First, we review the literature to 

evaluate the missing pieces of our 

understanding. Then we think about how 

to implement the physics we do already  

in the computer code.

“Once it is written, we have to check that 

the code is calculating what we actually 

meant and, more importantly, that the 

simulated universe it is producing is the 

correct one. We check that by comparing 

it to real observations. We convert our 

VLPXODWHG�JDOD[LHV�LQWR�REVHUYDEOH�

quantities to do an ‘apples to apples’ 

comparison. If they look completely 

different, that suggests important pieces 

of the physics are missing.

“The simulations I work on have many 

different elements. We have to keep 

track over 14 billion years of simulated 

time, so our codes have to make many 

calculations. Some projects may require 

10 million hours of computing time. That 

would take over 1,000 years on a single 

computer, so we run the simulation over 

thousands of computers in a few months. 

“The prospects for discovering 

something new from these simulations is 

huge because it’s like having a lab the size 

RI�WKH�8QLYHUVH��,W�V�YHU\�H[FLWLQJ�WR�QRW�

know what’s going to happen when you 

start a project – that element of surprise 

DQG�GLVFRYHU\��

The CAMELS project simulations 
reveal the web of matter 
throughout the cosmos

Þ The CAMELS (Cosmology and Astrophysics with MachinE Learning Simulations)  

project team create thousands of simulations of the Universe and compare the results
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