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Fast Facts

Name
Caitlin Adams
 
Job title
PhD Student, Swinburne University of Technology
 
Where did you go to primary school and secondary school?
Mount Tamborine, in the Gold Coast hinterland.
 
When you were a child, what did you want to be when you grew up?
I initially wanted to be an artist, but in high school I started to be more interested in science as a career and art as a hobby.
 
Where have you studied since finishing school?
I did my degree at the University of Queensland in Brisbane for four years, and now I’m undertaking my PhD at Swinburne University of Technology in Melbourne.
 
Where have you worked?
I’ve predominantly worked as a tutor at the University of Queensland, but have also done summer research projects there and at the Australian National University in Canberra.
 
Describe your research in 150 characters or less.
We don’t know why the universe is expanding at an accelerating rate - but I’d love to find out!
 
What is the best part of your job?
There are many great things about doing a PhD, but one of the things I most enjoy is that I get to learn new things all the time - from new discoveries in other fields to new methods for problem solving.
 
Name one impressive instrument that you’ve used for your research.
I have used the National Computational Infrastructure, one of the most powerful supercomputers in Australia, to run simulations on how matter is distributed in the universe.
 
What skills are essential to your job?
I frequently rely on my skills in computer programming and mathematics, as well as being able to communicate well with other researchers, but I’m always improving and adding to those skills while I work.
 


What advice would you give a school student who wants to become a scientist?
Go for it! It is unlike any other career path: you’ll be challenged, meet people from all over the world, and help contribute knowledge to something you think is worthwhile!
 
What are some futuristic applications that might come from your research?
If we could understand what is causing galaxies to move away from each other at an ever faster rate, perhaps we could make use of it for space travel. But I think some of the beauty of this research is that the possibilities are largely unknown and unimaginable!
 
What do you do for fun in your spare time?
I really enjoy drawing and reading, and I’ve started taking courses online to expand my knowledge: right now, I’m learning Japanese!
 


Research in detail

Cosmology is the study of the Universe as a whole: how it began, what it contains, and how it grows — it’s this last question I’m most interested in. In the late 90s, two teams of scientists discovered that the Universe is expanding at an accelerating rate — galaxies are being flung apart faster and faster as the space between them grows. Until this point, we had thought that the expansion would slow down, as galaxies moved closer together due to gravitational attraction, but our measurements tell us that’s not the case. So what’s pushing all of these galaxies apart?
 
The short answer is: we don’t know! Many researchers are pursuing this question in earnest, and there are many different approaches. In my PhD, I am looking at how the distribution of galaxies can help us answer this question. I take different theories of what might be causing the expansion (such as extra energy in space, or gravity deviating from Einstein’s theory of general relativity) and look at the predictions they make about the distribution of galaxies. I can also perform deeper tests by using information about how those galaxies are moving relative to each other, which gives a fuller picture of how our universe is influencing these galaxies. My goal is to combine all of this information in a unique way to test our understanding of the expansion of the Universe.

The work I do relies on large surveys of the Universe, which collect the positions and velocities of hundreds of thousands of galaxies. This is the data that I want to compare wih theoretical models. I then use mathematics and statistics to come up with approaches that test the predictions of compelling theories against what we measure, and write computer programs to do these tests. Lots of my most recent work has been building these tests and trying them out on computer-generated data, to see if my approach is working the way I expect. So far so good, and I hope to apply these methods to real data very soon!
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Time Line of the Universe
Image credit: NASA/WMAP Science Team [Public domain], via Wikimedia Commons
https://commons.wikimedia.org/wiki/File%3ACMB_Timeline75.jpg
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Swinburne University of Technology Supercomputer. Image credit: Caitlin Adams
“Much of the work I do is too complicated to run on my personal computer, so I send tasks to Swinburne’s supercomputer, Green II (http://supercomputing.swin.edu.au/about-green-ii/). Supercomputers are a collection of processors (the part of a computer that runs programs and performs calculations) that are able to share information quickly, allowing them to tackle larger problems than a single processor in a personal computer. Green-II’s processors are housed in the cases displayed here.”

[image: ]Screen shot of computer programming code and astronomical data. Image credit: Caitlin Adams
“The code in the left panel is used to read in simulation data, which is displayed in the right panel. These data describe galaxy positions and velocities at different points in space, and in my research I’m using close to 1000 of these simulated galaxies. The galaxies I’m using come from the Gigaparsec WiggleZ simulations.”
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likelihood evaluation.cop X

double nalo_d, odens, mhalo_v, vel,
Tos_nod, xpos, ypos, zpos;
vector<JointClass> JointData;

ifstrean
brocdata_strean(”. /Processedbata/GiggleZ gr
idded_1150_subsample. dat”

string procdata_string;

getline(procdata_strean, procdata_string);

while (getline(procdat
procdata_string))
<

2_stream,

istringstrean stn;
strn.str(procdata_string) ;
strn > nhalo_d >> odens >> nhalo_y >>
Vel >> Tos_mod >> xpos >> ypos >> zpos;
JointClass readin_data(nhalo_d, odens,
Mhalo_y, vel, xpos, ypos, 29os);
JointData. push_back(readin_data);

)3

procdata,_strean. close();

int

GlggleZ_rdded_J150_su... x

1 nhalo.d overdensity nhalov
2 340302 68 87.637058
o -loweee 18 155.210092
o -Loweo 14 2.47742
o -Loweo a1 182.068227
1 L20ms1 39 -187.387261
o -Lowso 41 —27.778907
o -Loweo 17 115.553065
o -Loweso 10 -237.420571
1 Lzews 3 -2.281578
o -lowso 43 93355075
o -Loweso 71 119.076819
o -Loweee 13 -191.301664
o -Lowwo 20 96633315
o -Loweo 56 158.708565
1 Loews 39 20.673715
o -Lowso 44 —63.617001
o -Loweo 12 161624569
o -Lowseo 43 201716271
o -Lowese 18 36.347937
11201751 43 146053725
2 3403502 70 273.617048
o -Lowee 17 34.142612
o -Loweo 73 -191.503051
3 252 79 -329.417931
o -lossee 45 -9.199395
o -Lowse 76 -15.016259
1 1201751 58 84239986
o -loweeo 43 -37.569099
o -Lowee 24 -197.020816
1 L2051 19 161703361
o -loweo 25 -319.540428
o -Lowsee 14 -91.87718
o -Loweo 52 -310.086357

Tos._velocity
147.986486
139..642400
142.478068
147986486
133790882
136.747943
142478068
130. 766968
133.700882
139.642400
147.986485
130. 766968
133.790852
139.642000
147.986486
133.790882
136.747943
142478068
139.642400
142.478068
147.986486
147.986486
142.478068
145.258390
130.766968
133.790882
139.642400
147986486
121243557
124498996
130.766968
129. 642400
114455231

y lsmod x y 2

130.000000 ~70.000000  10.000000
130.000000 -50.000900 10.000000
130.000000  -50.000000 30.000000
-130.000000 -50.000000 50000000
-130.000000 -30.000000 10009000
130.000000  ~30.000000  30.000000
130000000 ~30.000000 50.000000
130000000 -10.000000 10.008000
130000000 ~10.000000  30.000000
130000000 -10.000000 50.000000
-130.000000  ~10.000000 70000000
130000000 10.00090  10.000000
130000000 10.000000  30.000000
-130.000000 10.000000 _50.000000
-130.000000  10.000000 70000000
“130.000000  30.000000  10.000000
-130.000000  30.000000  30.000000
130000000 30.000000  50.000000
130000000 50.000000  10.000000
130000000 50.000000  30.000000
-130.000000  50.000000  50.000000
130000000  70.000000  10.000000
~110.000000  ~90.000000 10000000
-110.000000 -90.000000  30.000000
-110.000000 ~70.000900  10.000060
110000000 —70.000000 30.000000
110000000  —70.000000 50.000000
110000000 ~70.000000 70.009000
-110.000000 -50.000060 10000000
110000000 -50.000000  30.000000
-110.000000  -50.000000 _50.008000
-110.000000 -50.000000  70.009000
-110.000000 30000000 10000000
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