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Let’s talk about you

I Academic level: Honours, PhD, postdoc...?

I PhD: 1st, 2nd, 3rd year?

I Operating system: Mac, Linux, Windows?

I Do you even lift program?

I Language: Python, IDL, C, Fortran...?

I Wavelength of choice: RADIO, optical, infrared...?

I Future plans: academia, industry, education...?
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Part I

Why?

CASS Radio School 2014 October 1, 2014 3



1. Technological advances1

1Thanks IFLS and NOAO
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http://ifuckinglovespace.tumblr.com/post/40621089929/smithsonian-magazine-george-van-biesbroeck
http://www.noao.edu/news/2014/antares.php


2. Efficiency
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3. Big data
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3. Big data2

2Get your CDs from ATNF while they’re hot
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http://www.narrabri.atnf.csiro.au/observing/archive_requests/


3. Big data

CASS Radio School 2014 October 1, 2014 8



3. Big data3

3IBM × ASTRON
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http://www.research.ibm.com/news.shtml


An astronomer’s IT toolkit
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Part II

Choose your tool wisely
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The Plan

1 Professor Smith4 presents you with a problem

2 You solve it

4Visiting lecturer from phdcomics.com
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http://www.phdcomics.com


Prof-lem #0

Prof-lem #0

“So... err... hello, new PhD
student. Welcome to astronomy.
What’s your programming
experience?”
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Prof. #0: A solution

I You’ve never programmed
any code before

I Your supervisor recommends
Fortran, C, Basic...

I You inherit all of your
supervisor’s code from the
last 30 years

I You spend the first six
months of your PhD
deciphering these codes and
learning your supervisor’s
language of choice
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Prof. #0: A (better) solution

I 1) You have programming
experience in [LANGUAGE]
- you should use what you
know (to some extent)

I 2) You haven’t coded much
but would like to learn

I Bias warning: I ♥ Python

I Other popular languages in
astronomy include: IDL,
C/C++, Fortran, R
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The Zen of Python5

I Free and open source

I Beginner-friendly

I Expert-friendly

I Usually readable

I Does almost everything

I Widely used in astronomy

I Widely used elsewhere

I Widespread support

5Found at python.org
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http://www.python.org


Installation: anaconda6

6Download via Continuum Analytics
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http://continuum.io/downloads


Installation: software/libraries

I aplpy* (Python)
- for plotting and generating
astronomical images

I ds9 (cross-platform)
- for visualising FITS data

I miriad (cross-platform)
- for reducing and processing
CASS/other data sets

I karma (cross-platform)
- visualisation package for
CASS/other data sets

I sublime* (cross-platform)
- powerful text editor for
code (free/$70)

I aladin (cross-platform)
- multi-wavelength sky atlas

I git (cross-platform)
- version-control of code
(great tutorial online)

I texmaker* (cross-platform)
- visual editor for LaTeX
(papers, posters, slides)
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http://aplpy.github.io
http://ds9.si.edu
http://www.atnf.csiro.au/computing/software/miriad/
http://www.atnf.csiro.au/computing/software/karma/
http://www.sublimetext.com
http://aladin.u-strasbg.fr
http://git-scm.com
https://try.github.io/levels/1/challenges/1
http://www.xm1math.net/texmaker/


Know your local tech support!
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... and know how to find things
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ASCL: a code repository7

7Hosted at ascl.net
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http://ascl.net


Prof-lem #1

Prof-lem #1

“Remember eight months ago
when you started, when you were
reducing your 70 GB of ATCA
data - which calibration task did
you use on the secondary
calibrator 1613−586 at 9 GHz?”
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Prof. #1: A solution

I You have a momentary panic
- it’s hard to remember
what you did last week!

I Someone tells you it should
be in the header of your
reduced data

I You check there, eventually
figuring out it was mfcal:
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Prof. #1: A (better) solution

I Easy! You kept detailed
records in Evernote of your
data reduction

I You type the source name
into the Evernote search box

I You figure out that you used
mfcal on 1613−586:
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Meet Evernote8

8Download at evernote.com
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http://www.evernote.com


Why Evernote is awesome

I Accessible everywhere

I Local storage

I Cloud storage = back-up

I Multi-platform (Linux)

I Searchable + OCR

I Integrated workflow

I Easy to share

I Web clipper

I Geo-tracking

I FREE! For most uses.
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Eg. #1: Data reduction log
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Eg. #2: Web-clipped snippets
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Eg. #3: Obscure set-up procedures
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Eg. #4: Attached files/scripts
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Eg. #5: Record of your steps
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Evernote Premium
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Prof-lem #2

Prof-lem #2

“Here is a list of 57 papers that
I think it is pivotal for you to
read. Please read them. And
keep track of the papers and
their bibliographical references,
you will need them for your
paper. And follow newly released
papers as well, yeah? Good.”
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Prof. #2: A solution9

I You’re no fool! You know
NASA ADS is the way to go

I You type in the details of
each paper, and download
their PDF versions

I You print out each paper
and make detailed notes

I You slowly grow your very
own (sorted!) paper forest:

9ADS accessible via SAO/NASA
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http://adswww.harvard.edu


Prof. #2: A (better) solution10

I You download the Papers
software by Mekentosj

I You use inbuilt search tools
to automatically add papers
and PDFs to your library

I Over time, you grow your
own digital paper forest

I This library is exportable,
compatible with BibTex,
searchable and sharable

I Free/Linux alternatives:
Mendeley or BibDesk

10Papers is downloadable online
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http://www.mendeley.com
http://bibdesk.sourceforge.net
http://www.papersapp.com/


Prof. #2: A (better) solution11

11Papers is downloadable online
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http://www.papersapp.com/


Prof. #2: A (better) solution12

12Papers is downloadable online
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http://www.papersapp.com/


Totally unbiased mention of arXiver13

13arXiver lives at arxiver.net
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http://www.arxiver.net


We have Fourier transforms!14

14arXiver lives at arxiver.net
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http://www.arxiver.net


Prof-lem #3

Prof-lem #3

“The updated WISE catalogue
of infrared sources, ALLWISE, is
out. It’s about 1 TB, with over
747 million sources. Could you
crossmatch it with the 370,000
sources in the 3XMM X-ray
catalogue? ”
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Prof. #3: A solution15

I You go to the website:

I Over several days you
download all the files:

I You script a crossmatch of
ALLWISE vs. XMM; (many)
weeks later you have a list

15ALLWISE accessible via IRSA
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http://irsadist.ipac.caltech.edu/wise-allwise/


Prof. #3: A (better) solution16

I You decide to use X-Match,
an online crossmatch tool

I You put in ALLWISE and
IX/44/xmm3r4s:

I You wait a few minutes:

I ... and you’re done!

16X-Match accessible via CDS

CASS Radio School 2014 October 1, 2014 42

http://cdsxmatch.u-strasbg.fr/xmatch


X-Match is awesome
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X-Match is awesome
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Prof-lem #4

Prof-lem #4

“Great work! Of that list of
X-ray/WISE sources, I’d like to
know which ones have WISE
colours of (S3.4µm − S4.6µm) > 1
and also have an X-ray flux >
10−12 mW m−2, those could be
most interesting.”
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Prof. #4: A solution

I You write a Python script to
read the crossmatch file,
column by column

I For each line, you check if:
>> col[8] − col[9] > 1
>> col[7] − col[8] > 1
>> col[37] > 10−12

I You write those lines to a
new file, sources.txt

I You get a list of 317 sources
meeting the criteria
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Prof. #4: A solution
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Prof. #4: A (better) solution17

I You use astropy.io.ascii to
read the file into Python

I You define a mask based on
the Professor’s criteria

I You then use that mask to
create a subset of the data

I This subset can then be
manipulated within Python
for calculations, plotting, etc

17astropy.io.ascii is part of the astropy package
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http://www.astropy.org


Prof. #4: A (better) solution18

18astropy.io.ascii is part of the astropy package

CASS Radio School 2014 October 1, 2014 49

http://www.astropy.org


Prof-lem #5

Prof-lem #5

“There are 317 sources, huh?
Where are these sources
distributed on the sky? I’d like to
see if any of them correlate with
the Milky Way, or if they are
mostly extragalactic. Plot them
in Galactic coordinates, and show
where the Milky Way is located.”
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Prof. #5: A solution

I You use scripts you have
(radec.py and coords.py) to
convert each source to
Galactic coordinates

I You then plot them in a
Cartesian plot

I ... The Milky Way is like,
±10◦ right? Or something...

I You go talk to the resident
Galactic expert, who tells
you that ”BAH! None of
those are Galactic.”
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https://code.google.com/p/esutil/source/browse/trunk/esutil/coords.py


Prof. #5: A solution
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Prof. #5: A solution
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Prof. #5: A (better) solution

I You use aplpy to plot the
317 sources on an optical
image of the Milky Way

I You use astropy to convert
the coordinates to Galactic

I You then plot the points
over the optical map

I You notice that a few seem
to follow Galactic and
Magellanic structure closely,
so you highlight them
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http://aplpy.github.io
http://www.astropy.org


Prof. #5: A (better) solution
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Prof. #5: A (better) solution
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Prof-lem #6

Prof-lem #6

“Let’s look closer at the sources
you’ve highlighted. I’d like to see
combined radio, infrared and
optical images of them, to see if
they have anything in common.
Also, do a check of the literature
to see what they’ve previously
been identified as.”
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Prof. #6: A solution

I One by one, you put each
source into Simbad/NED
and find out its ID

I One by one, you download
data for each source from
DSS2R, WISEW1, SUMSS
and NVSS

I ... this takes a while

I You open them in kvis and
make RGB plots for each

I ... this also takes a while
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http://simbad.u-strasbg.fr
http://ned.ipac.caltech.edu
http://www.atnf.csiro.au/computing/software/karma/


Prof. #6: A solution
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Prof. #6: A solution

CASS Radio School 2014 October 1, 2014 60



Prof. #6: A (better) solution

I To check the literature, you
use astroquery for each
source in Simbad/NED

I You use SkyView’s .jar script
to get DSS2R, WISEW1,
SUMSS and NVSS maps of
all < 2′′ matches

I You then use aplpy to
combine these into an RGB
image automatically

I (... curse you, Montage)
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https://astroquery.readthedocs.org
http://simbad.u-strasbg.fr
http://ned.ipac.caltech.edu
http://skyview.gsfc.nasa.gov
http://aplpy.github.io
http://montage.ipac.caltech.edu/index.html


Prof. #6: A (better) solution
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Prof. #6: A (better) solution
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Prof. #6: A (better) solution
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Prof-lem #7

Prof-lem #7

“It’s PAAAAAAAAAPPPPEER
TIIIIIIIMMMMEEEE! Show your
worth as an astronomer and write
up your results. We will be
submitting to MNRAS, so make
sure to follow their guidelines.”
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Prof. #7: A solution

I You print and read the
MNRAS format guidelines

I You use your favourite text
editor to start your paper

I You find yourself doing a lot
of latex-bibtex-latex-latex

I You decide you rather dislike
LATEX (and miss Word)

I Some months later, you
emerge with a paper draft

CASS Radio School 2014 October 1, 2014 66



Prof. #7: A solution
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Prof. #7: A (better) solution19

I You use texmaker as your
LATEX editing software,
which allows you to quickly
see your changes and edits

I You download pre-made
MNRAS LATEX templates, to
save time building your own
article from scratch

I You rather like LATEX by the
end of it, and start making
everything in LATEX

19texmaker can be found online
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http://www.xm1math.net/texmaker/


Papers...
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Talks...
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Posters...
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Part III

Components of the toolkit
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0. Language: Python

https://www.python.org
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https://www.python.org


1. Logbook: Evernote

https://evernote.com
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https://evernote.com


2. Paper management: Papers

http://papersapp.com
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http://papersapp.com


3. Crossmatching: X-Match

http://cdsxmatch.u-strasbg.fr/xmatch
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http://cdsxmatch.u-strasbg.fr/xmatch


4. Data manipulation: astropy

http://www.astropy.org

CASS Radio School 2014 October 1, 2014 77

http://www.astropy.org


5. Astronomy plots: aplpy

http://aplpy.github.io
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http://aplpy.github.io


6a. Multi-wavelength data: SkyView

http://skyview.gsfc.nasa.gov
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http://skyview.gsfc.nasa.gov


6b. Source investigation: astroquery

https://astroquery.readthedocs.org
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https://astroquery.readthedocs.org


7. LATEX: texmaker

http://www.xm1math.net/texmaker
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http://www.xm1math.net/texmaker


8. Radio school: Fourier transforms
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Thanks for listening!
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