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EAASTHU Let’s talk about you

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

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

» PhD: 1st, 2nd, 3rd year?

» Operating system: Mac, Linux, Windows?

» Do you even Hft program?

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

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

» Future plans: academia, industry, education...”?
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ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

Part |

Why?
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CAASTRO

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

1. Technological advances!

B

Thanks 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

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS
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3. Big data

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

CASS Radio School 2014 October 1, 2014 6



CAASTRO 3. Big data®

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

Austratia Telescope National Facility

ATNF Home About ATNF Facilities Science & Technology  Online Resources Outreach

ATCA Data Archive Requests
Note!

Data from the ATCA Data Archive s vais
This is the preferred way for people to access archive data.

1. Sea Data Accees Poes for more formatn

ch i st
o acove dat. ATGA G acave o rasoss Tt aty e AT Gt aocoos oy, AGSRonal ey mus 1t s nares of
G s reare bl
For . the ATNF y ger
send copies o e dat 0 he ‘aweek.
‘month. Where more than pected the
oo o e rcne.
R (eg priorty req

ATNF Projects Database Search and
ATCA Positions Database Search.

listof the
Project
ottt 05 0120

fiers o ore than o project)
Slan/stop dates:

Time ranges:

Reset | submt

Orgina: Robin Wark(17JUL-2002)
Modifed: Robin Wark  2JUN-2005)

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

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

CABB Scheduler

Sched Listing

File Edit Tools

it Scan Parameters
Freq1 2000MHz
Coninuum  Fxed  ChnBW  VelRes VelRange #Chamnels
) Oz () i) 6
2000 @® s 150 306987
Line Channel wih
37141975 3209 01 (16 3 1ses [ ve

Pl

16 Velo

Freq2 2000MHz

New Scan | _Search Cal
Delete_| _Pick Source

Data rate = 11,4368/, or 4GB every 21m
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3. Big data’®

Daily raw data generated by the
Square Kilometer Array:

EEEEBEBBBBE

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

@ EAASTH[] An astronomer’s IT toolkit

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS
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Part |l

Choose your tool wisely
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The Plan

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

Professor Smith* presents you with a problem

You solve it

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

CX CARSTRG Profilem 0

Prof-lem #0

“So... err... hello, new PhD
student. Welcome to astronomy.
What's your programming
experience?”

CASS Radio School 2014 October 1, 2014 13



CXI tASTRO Prof. #0: A solution

FOR ALL-SKY ASTROPHYSICS

» You've never programmed
any code before

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

» You inherit all of your
supervisor's code from the
last 30 years

» You spend the first six
months of your PhD
deciphering these codes and
learning your supervisor's
language of choice

CASS Radio School 2014 October 1, 2014 14



@EANASTHU Prof. #0: A (better) solution

FOR ALL-SKY ASTROPHYSICS

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

» 2) You haven't coded much
but would like to learn

» Bias warning: | © Python

» Other popular languages in
astronomy include: IDL,
C/C++, Fortran, R

CASS Radio School 2014 October 1, 2014 15



@ EANASTH[] The Zen of Python®

FOR ALL-SKY ASTROPHYSICS

®*Found at python.org
CASS Radio School 2014

Free and open source
Beginner-friendly
Expert-friendly

Usually readable

Does almost everything
Widely used in astronomy
Widely used elsewhere

Widespread support

October 1, 2014
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http://www.python.org

CAASTRO Installation: anaconda®

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

w g tinf ViewYour Cart

ANALYTICS HOME PRODUCTS- CONSULTING - TRAINING - COMPANY -  CONTACT U
o load A d ENTERPRISE
ownload Anaconda ) - SOLUTIONS

includes over 195 of

@ O iwarevmonsa:

CHOOSE YOUR INSTALLER:
ANACONDA
MscOSX 64t INSTALLATION SERVER

Python2.7
Graphicalinstallr Aster downloading the nstaler, double click Internal Package
the ke file and ollow the instructions on the Management and
Size: 204M cereen Deployment Made
(05X 107 or higher) Easy
COMMAND-LINE INSTALLS:
Learn More
OTHER INSTALLERS: After downloading the installer, in the shell
MacOSX— 64-bit— Python 27 excaute:

Size:214M
bash <downloaded._file_nane>

(05X 107 or higher) il

Command-Lineinstaller , ;
For instance, if you downloaded Anaconda- \

201 Mac86.h,then you would type:
WAKARI

5Download via Continuum Analytics
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http://continuum.io/downloads

Installation:

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

software/libraries

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

ds9 (cross-platform)
- for visualising FITS data

MIRIAD (cross-platform)
- for reducing and processing

CASS/other data sets

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

CASS Radio School 2014

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

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

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

texmaker*® (cross-platform)
- visual editor for LaTeX
(papers, posters, slides)

October 1, 2014


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/

@ [:ANASTHU Know your local tech support!

CASS Radio School 2014 October 1, 2014 19
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ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

CAASTRO ASCL: a code repository’

ASCL.net Making codes discoverable since 1999
Astrophysics Source Code Library

Home About Resources Browse Submissions News Forum

Browsing Codes
Order Mode Per Page
Results 1-100 of 925 (922 ASCL, 3 submitted) o &
@23 456789 10 Next Date 'V | Compact 250 All

[ascl:1102.023] 21cmFAST: A Fast, Semi-Numerical Simulation of the High-Redshift 21-cm Signal
Mesinger, Andrei; Furlanetto, Steven; Cen, Renyue

21cmFAST is a powerful semi-numeric modeling tool designed to efficiently simulate the cosmological 21-cm signal. The code generates 30
realizations of evolved density, ionization, peculiar velocity, and spin temperature fields, which it then combines to compute the 21-cm brightness
temperature. Although the physical processes are treated with approximate methods, the results were cumpared to a state-of-the-art large-scale
hydrodynamic simulation, and the findings indicate good agreement on scales pertinent to the upcoming observations (>~ 1 Mpc). The power
spectra from 21cmFAST agree with those generated from the numerical simulation to within 10s o yEr(enl down to the Nyquist frequency.
Results were shown from a 1 Gpc simulation which tracks the cosmic 21-cm signal down from z=250, highlighting the various interesting epochs.
Depending on the desired resolution, 21cmFAST can compute a redshift realization on a single processor in just a few minutes. The code is fast,
efficient, customizable and publicly available, making it a useful tool for 21-cm parameter studies.

[ascl:1201.005] 2LPTIC: 2nd-order Lagrangian Perturbation Theory Initial Conditions
Crocce, M.; Pueblas, S.; Scoccimarro, R.

g initial conditions in numerical simulations using the standard procedure based on the Zel'dovich approximation (ZA) generates incorrect
second and higher-order growth and therefore excites long-lived transients in the evolution of the statistical properties of density and velocity
fields. Using more accurate initial conditions based on second-order Lagrangian perturbation theory (2LPT) reduces transients significantly; initial
conditions based on 2LPT are thus much more appropriate for numerical simulations devoted to precision cosmology. The 2LPTIC code provides

tial conditions for running cosmological simulations based on second-order Lagrangian Perturbation Theory (2LPT), rather than first-order
(zel'dovich approximation).

"Hosted at ascl.net

CASS Radio School 2014 October 1, 2014



http://ascl.net

@ ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

CASS Radio School 2014

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?"

October 1, 2014 22



CAASTRO Prof. #1: A solution

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

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

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

» You check there, eventually
figuring out it was MFCAL:

116128,

1.8, 2013/08/30 01:49:21 UTC
: 15:28:35.0
GPBOOT: :

CASS Radio School 2014 October 1, 2014
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CEIIMTR  Pror. #1: A (better) solution

FOR ALL-SKY ASTROPHYSICS

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

» You type the source name
into the Evernote search box

» You figure out that you used
MFCAL on 1613—-586:

CASS Radio School 2014 October 1, 2014 24



Meet Evernote®

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

@) EVERNOTE Meny =

Destinations N

o

. ., .
umnw&ything ) you'll do, Evernote is
thg Werkspase to get it done.

&

SIGN UP NOW

" or Signin

8Download at evernote.com

CASS Radio School 2014 October 1, 2014 25


http://www.evernote.com

@ CAASTRO Why Evernote is awesome

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

> Accessible everywhere

> Local storage

» Cloud storage = back-up
» Multi-platform (Lirax)
» Searchable + OCR

> Integrated workflow

» Easy to share

» Web clipper

» Geo-tracking

» FREE! For most uses.

CASS Radio School 2014 October 1, 2014 26



CAASTRO Eg. #1: Data reduction

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

8006 March 2012 SNR data - 5 GHz — Evernote Premium %

phd logbook v click to add tags

Created: 17 Aug 2014  Updated: 17 Aug 2014

Task: uvplt
vis = 1934-638.5500

1994-626.5500 4.4760 Gl 1-3

Amplitude

CASS Radio School 2014



CAASTRO

ARC CENTRE OF EXCELLENCE Eg. #2: Web_CIipped snippets

8006

Finding the index of an item given a list containing it in Python - Stack Overflow — Evernote Premium
phd logbook v click to add tags

@ N> i
Consolas. SRS e T - =m|\ U
Finding the index of an item given a list containing it in Python - Stack Overflow
Have projects on Google Code? E
R
CAREERS 2.0 .l + ‘s 200000
by stackoverflow

y to your profi

. Foralist ["foo","bar","baz"] andanitemin the list "bar" , what's the cleanest way to get its
index (1) in Python?

428

W python | list

share | improve this question

edited Sep 12'13 at 8:35 asked Oct 7'08 at 1:39
80 Octavian Damiean Eugene M
21k »12+65983 3,621 < 10+23#37
12 Answers actve  oldest | votes
A >>> ["foo","bar","baz"].index( 'bar")
735 1

"W Reference: Data Structures > More on Lists

CASS Radio School 2014 October 1, 2014
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EAASTHU Eg. #3: Obscure set-up procedures

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

00 Updated printing at narrabri — Evernote Premium
g NE S

phd logbook ~  click to add tags

Arial :

Updated printing at narrabri

06 Add
ooy G

=] ] @

Default  Fax 1P Windows Search

Address: printhost-nar.atnf.CSIRO.AU
Valid and complete host name or address.

Protocol: | Line Printer Daemon - LPD

Queue: | cacolour

Leave blank for default queue.

Name:  cacolour

Location:

Use: | Generic PostScript Printer
The selected printer software isn't from the manufacturer and may not let
you use all the features of your printer.

r 1, 2014 29
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CAASTRO Eg. #4: Attached files/scripts

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

000 Greatest image in the world — Evernote Premium 2
phd logbook ~  click to add tags U NEC S |
Arial Do T ) s 2 e

Path: /L

Supershell layer, LAB/HVC layer and contour/points layer (depending on comments):

comp_pos2radec_comb.py N
58KB °

Milky Way background layer:

rgbplot.py
iI 1.3KB °

[«

Cuttlefish layer:

rgbplot2.py
e °

[«

Final product

+72.0000° @

+36.0000°

CASS Radio School 2014



CAASTRO Eg. #5: Record of your steps

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

8006 LHVC candidates — Evernote Premium 2

%
phd logbook click to add tags a NO s
Arial AP i3 SEBCT UNniY = =] U
G213_gass.fits 100% 37MB 395.9KB/s 01:36
G296_gass fits 100% 9520KB 433.1KB/s 00:22
G338_gass.fits 100% 2528KB 421.4KB/s 00:06
G339_gass fits 100% 37MB 513.6KB/s 01:14
ok good.
Check the files
Are they the correct regions?
G213
e
s

o

R

(as in catalogue)

CASS Radio School 2014



ARC CENTRE OF EXCELLENCE Eve rn Ote P re m i u m

FOR ALL-SKY ASTROPHYSICS

8,00 Account Info

Current monthly usage 546.4 KB of 60 MB
0 30 MB 50 M8 Go Premium
+ 1 GB monthly uploads
Upload allowance resets in & days
+ Maximum note size increased to 100 MB.
+ Top priority support, plus live chat
+ Search in PDFs

+ Choose to hide promotions and partner ads

+ View notebooks offline on mobile devices

$5.50/month $47.00/year

CASS Radio School 2014 October 1, 2014 32



CX CARSTRG Sl 722

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.”

CASS Radio School 2014 October 1, 2014



@EAASTHU Prof. #2: A solution’

FOR ALL-SKY ASTROPHYSICS

» You're no fool! You know
NASA ADS is the way to go

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

» You print out each paper
and make detailed notes

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

°ADS accessible via SAO/NASA

CASS Radio School 2014 October 1, 2014 34


http://adswww.harvard.edu

@EAASTHU Prof. #2: A (better) solution'’

FOR ALL-SKY ASTROPHYSICS

» You download the Papers
software by Mekentos;j

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

» Over time, you grow your
own digital paper forest
» This library is exportable,

compatible with BibTex,
searchable and sharable

> Free/Linux alternatives:
Mendeley or BibDesk

©papers is downloadable online
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http://www.mendeley.com
http://bibdesk.sourceforge.net
http://www.papersapp.com/

CAASTRO Prof. #2: A (better) solution!

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

606 ¢ = * 1 m s

LIBRARY | m

- - -}

D aewvers ki A i |
 reroncust © ) T Diowye. rak o TheAsrghl 2006 3g 20142 ey HGh-welociy Coucs n he Galcc Al
. High-velocity Clouds. VA Moss et al. The Astrophysi... 2013 3 Aug 2014 2:1..  Moss:j y Survey. |. Catalog
@ necent £ 0 GHO0G-15e7aloc. VAMossetal  MomhyNotce. 2002 3AuZ0l4ZL. Mossd VAMosseta
+ Lastimport ® ) Migh velocty clouds .. Vanessa A Mos...  eprint ariv 2013 IAUBDIAZL... MO The AsropysicalJournalSupplemen, 2013
. £ 0 GHO0G-1Si7Alca. VinessaAMos. eormanv 2012 Aw2042L. Wessd Y209
EEEES § O o et Tk 3 3t S o s
© ) Hydrogtoeneuredan.. CAMulleretal. Compies Rend... 1963 3Aup 2014 21.. Ml (HVes rom the Galact Al Sty Survey (GAS9

of souther ky neural ragen. wheh b

SHARED COLLECTIONS Observation of €A Mullerand..__ Nature 19513 aug 2014 20._waer 15001 Sk neutr hydrogen, whie

resolution and was obtained with the Parkes
Archive Telescope. Our caalog has been derived fro
Trash ¢

HIGH.VELOCITY CLOUDS IN THE GALACTIC ALL SKY SURVEY. 1. CATALOG 2

VoA Mo M ML G T M
'D.J. Proano’, . K Kusuaarei o axo . . C

Awsacr
sty
B S 5 iy ety e s s )
o o oo o sy oo G5

st e of ety Vo o v il e GASS i, e o

o 1693 AV a s <0 e e, e sy L
Ot i o e 29 sl o clouls (NG T S - widhs of ot HVC poptir
e e AR o 15 A ows it i i . T copncs o
e e s e 51 I s APAS o e
e i
Koy chtlge -Gy ko 1SM: chou o k. e arveps |
Online-oly matera: coloe fgues, machine resdabl tables D ror & supplemer

o K3 (23 “

Upapers is downloadable online
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http://www.papersapp.com/

CAASTRO Prof. #2: A (better) solution

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

LX) Torrm 1 * 1

©  senby (fankng -

Al x-ray galaxies at low redshift

SEARCH =
|
The ROSAT Brightest Cluster Sample - . Opical spectra of the central cluser galaxies a2 =
e ) o New Results from the X-Ray and Optical Survey of the Chandra Deep Field-South: The 300 Kil.
% s The Asoshyscal ol 200 v 562 1) . 42-51 | e, Rt M Norn Srgron, s, Gl A i
& anw Chancra and XMM-Newton Observations of a Sample of Low-Redshift R | and FR Il Radio Gal
The Spatia Clustering of ROSAT All-Sky Survey AGNS. 1. The Cross—corelation Function with [ impor: |
v © ones * ettt 7 ST e e .
SFELES The Spatial Clustering of ROSAT All-Sky Survey Active Galactic Nuclei. Iil. Expanded Sample a. Oys"m“ 2nd XMM-Newton
% Google Book: * The Astrophysical Journal, 2012 vo, 746 (1) p. 1 | Mirko Krumpe, Takamitsu Miali, Alson L Coil, and Hector Aceve ns of a Sample of Low-
4 Google Books . % - Redshit FR 1 and FR I Raclo Calaxy
Google Patents o Active Galactic Nuclei in Groups and Clusters of Galaxies: Detection and Host Morphology Nuclei
o, 209 vl 707 ) . 16911706 | ety Al P ari, o S ok, gl e 0 A tvans et

% Google Schoar
Unveiling a Population of Galaxies Harboring Low-mass Black Holes with X-Rays

4 Gutenbert .
7 9 e Astrophysicl Joural, 2013 vol. 773 2 . 150 | M Schramm, 0 Sliverman,  Gresne, W N Sande, Lo, ¥ QXve, P

The Astrophysical Journal, 2006 vol. 642 (
96-112

& Highwire
oL The luminosity function evolution of soft X-ray-selected active galactic nuclei in the RIXOS survey

% tnspire o e f he R Asonomic S, 199 vl 282 . 579-590 M) Page £ Cares, G Hasiner, K et s et o i
% NewYork Times A Multi-wavelength Sty of Low-Redshife Clusters of Galaxies. . Comparison of X-ray and X-Newton obserations of 1 sample o 22
. R, P | Toweredshif c<0.) rado galavies an
% oster conakder whethar ihe core emisson orgiates
. ; ; from the s of a relatvistc e, or an
. Groups of galaxes in AEGIS:the 200-ks Chandra extended X-ray source catalogue
& scopus LR P . e s accretion flow, or contains contributions fr
S o XMM-Newton observations of three high-redshift radio galaxies
<& Wikipedia Monthiy Notices of the Royal Astronomical Society, vol. 352 (3 pp. 938 | € Belsole, D M Worrall, M ) Hardcastle,
Small-Angle Scatteing of X-Rays rom Extragalactic Sources by Dust in Itervening Galaxies
< GEFRIDACED X-ray Signatures of Non-equilibrium lonization Effects in Galaxy Cluster Accretion Shock Regions
ORTTED e Atrohysal ol 201 v 727 2. 126 | Ka-WahWong rug S, a3
. The Infrared Counterparts of the Optically nidentiied Chandra Deep Field-South 1 Ms Sources

=3 <

o

12papers is downloadable online

w
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http://www.papersapp.com/

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

arXiver
The Australian Square Kilometre Array Pathfinder: System
Architecture and Specifications of the Boolardy Engineering

Test Array [IMA]

gesessssesees
333323333
333232824
23333338

Sass,
33300

33
S33333338,

2

3
3

13arXiver lives at arxiver.net
CASS Radio School 2014

Totally unbiased mention of arXiver!3

October 1, 2014


http://www.arxiver.net

We have Fourier transforms!**

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

Fourier spectrum

500

1000
-
1500f .

2000

500 1000 1500 2000
x

Original Fourier spectrum

200
400
600

1000
1200

1400 : vy ey
500 1000 1500 2000 5 1000 1500 2000
x x

1% arXiver lives at arxiver.net
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http://www.arxiver.net

CX CARSTRG Profilem 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 SXMM X-ray
catalogue? "

CASS Radio School 2014 October 1, 2014 40



@ ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

#3: A solution'®

5 ALLWISE accessible via IRSA
CASS Radio School 2014

> You go to the website:

» Over several days you
download all the files:

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

October 1, 2014


http://irsadist.ipac.caltech.edu/wise-allwise/

@EAASTHU Prof. #3: A (better) solution'®

FOR ALL-SKY ASTROPHYSICS

v

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

You put in ALLWISE and
IX/44/xmm3rds:

v

v

» ... and you're done!

16%X-Match accessible via CDS

CASS Radio School 2014 October 1, 2014


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

EAASTHU X-Match is awesome

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

Choose tables to cross-match

AlWISE IX/44/xmm3rds
VizieR || SIMBAD || My store VizieR [[ SIMBAD | | My store

XMM-Newton Serendipitous
Source Catalogue 3XMM-DR4
(XMM-SSC, 2013)

372,728 rows

Show options

2000

1000

Visualize and manage your cross-match jobs

Pees e o
L 0s 1 15 2z 25 3 35 4 45
Table 1 Table 2 Options Begin Status
R — fixed racivs @ 160972014 3 1620 ) =
Jobexecuted in 2min7s | job(s):

34s to correlate
Imin33s to generate fle
Result: 193,042 rows (S8MB)

© UDS/CNRS

CASS Radio School 2014



CAASTRO

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

X-Match

Choose tables to cross-match

AlWISE 1X/44/xmm3r4s

VizieR

VizieR || SIMBAD || My store

SIMBAD || My store

XMM-Newton Serendipitous
Source Catalogue 3XMM-DR4
(XMM-SSC, 2013)

372728 rows

Show options

Visualize and manage your cross-match jobs

Table 1 Table 2 Options Begin Status
AIWISE IX/44/xmm3rds fixed radius € 16/09/2014 at 16:20 completed @

IS awesome

0

Job executed in 2mi
345 to correlate

1mind3s to generate
Result: 193,042 row

CASS Radio School 2014
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@ LAASTRO 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 (S3.4 ym — Sa.6um) > 1
and also have an X-ray flux >
1072 mWm=2, those could be
most interesting.”

CASS Radio School 2014 October 1, 2014



@EAASTHU Prof. #4: A solution

FOR ALL-SKY ASTROPHYSICS

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

» For each line, you check if:

>> col[7] — col[8] > 1
>> col[37] > 10712

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

» You get a list of 317 sources
meeting the criteria

CASS Radio School 2014 October 1, 2014 46



CAASTRO

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

xray_read.py
from astmpy do import ascii

from math inport *
from numpy import %
from pylab import *

out = open('sources. txt', 'w')
for Line in open('XMM_ALLWISE.csv','rU'):
col = line.split(",")
4f line.startswith('ang'):
continue
if len(coll7]) > 1 and len(collg]) > 1:
wi2 = float(coll7]) - float(colla])
n

xflux = float(coll37.

if w12 > 1 and xflux > le-12:
out.write(line)
out. flush()

CASS Radio School 2014

Prof. #4:

A solution

8 06 () ForTalk — bash — 76x37

vmosslt:ForTalk vmos$ ipython —-pylab
Python 2.7.7 |Anaconda 2.0.1 (x86_64)| (default, Jun 2 2014, 12:
Type "copyright", "credits" or "license" for more information.

IPython 2.1.0 — An enhanced Interactive Python.

Anaconda is brought to you by Continuum Analytics.

Please check out: http://continuum.io/thanks and https://binstar.org
-> Introduction and overview of IPython's features.

%qu)ckref -> Quick reference.

p -> Python's own help system.

object? > Details about 'object', use 'object??' for extra details.

Using matplotlib backend: Mac0SX

In [1]: import xray_read

In [2]:

Do you really want to exit ([yl/n)?

vmosslt:ForTalk vmoss$ wc -1 sources.txt
317 sources. txt

vmosslt:ForTalk vmos$ [l




@EAASTHU Prof. #4: A (better) solution!’

FOR ALL-SKY ASTROPHYSICS

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

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

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

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

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

CAASTRO

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

Prof. #4: A (better) solution'®

®00 ForTalk — python — 72x33 .,
45 xnayoprocesspy  x vmosslt:ForTalk vmos$ ipython —pylab
P o Python 2.7.7 |Anaconda 2.0.1 (x86_64)| (default, Jun 2 2014, 12:48:16)
4 U EE D el Gk Type "copyright", "credits" or "license" for more information.
2 import os
3 dmport sys IPython 2.1.0 — An enhanced Interactive Python.
4 from math import * Anaconda is brought to you by Continuum Analytics.
5 from numpy import * Please check out: http://continuum.io/thanks and https: //bmstar org
6 from pylab import * -> Introduction and overview of IPython's feature
7 %qu)ckref -> Quick reference.
8 help —> Python's own help system.
9 data = ascii.read('XMM_ALLWISE.csv',guess=False,delimiter= object? > Details about 'object', use 'object??' for extra details.
10 print data.keys() Using matplotlib backend: MacOSX
£ [ In [1]: import xray_process
g print ‘Number of WISE sources with X-rays:',len(data) T angDistr  ALWISE, | VRA2000_", 'DEJ2000_°, 'ecMaj’s 'eeMin', 'eePA',
a0 ‘wlgsg', 'wzm;g‘, 'w3magv";‘ ‘Wanag', ‘Inag’, ‘:mag', ‘Kmag*, 'e_Wimag',
‘EW mag', 'e. ma ‘e, mag', 'e_Jmag', 'e_Hmag', 'e_Kmag', 'ID', 'cc
15 = datal'Winag'] - datal'W2nag'] : ‘ex?, vart, ‘gph piat RA? o mRA? meE.vg.E_meE‘yg‘m\, R
16 xflux = datal'Fluxg'] zaae‘ +'DEJ2000', '3XMM', 'RAJ2000', 'DEJ2000', 'srchL', ‘Fluxg', 'e_Fl
17  mask = (w12 > 1) & (xflux > le-12) ux8', 'HR1', 'HR2', 'HR3', 'HR4', ‘ext', 'V', 'S', 'Nd‘, 'xcatDB', 'LEDA
18  sources = data[mask] s']
19 print 'Number of sources meeting criteria:',len(sources)
20 print Number of WISE sources with X-rays: 193042
21 print Number of sources meeting criteria: 317

8astropy.io.ascii is part of the astropy package

CASS Radio School 2014
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http://www.astropy.org

CX CARSTRG Profiem #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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@EAASTHU Prof. #5: A solution

FOR ALL-SKY ASTROPHYSICS

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

» You then plot them in a
Cartesian plot

» ... The Milky Way is like,
£10° right? Or something...

> 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

CAASTRO Prof. #5: A solution

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

29

30 s =11

31 bs =1I1

32

33 for line in open('sources.txt','rU')
34

35 col = line.split(',")
36 ra = float(col[34])
37 dec = float(coll[35])
38 print ra,dec

39 1,b = eq2gal(ra,dec)
40 1,b = 1[0],b[0]

41 1s.append(1)

42 bs.append(b)

43

44 figure(figsize=(10,6))

45  plot(ls,bs, 'ko")

46 plot([0,360],[10,10], 'r-")

47 plot(I[e,360],[-10,-10],'r-")

48 x1im(0,360)

49 grid(True)

50 title('My Excellent Galactic Plot')
51 savefig('winfig.pdf')

52

CASS Radio School 2014 October 1, 2014
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ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

Prof. #5: A solution

My Excellent Galactic Plot
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@EANASTHU Prof. #5: A (better) solution

FOR ALL-SKY ASTROPHYSICS

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

» You use astropy to convert
the coordinates to Galactic

» You then plot the points
over the optical map

» 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

CAASTRO Prof. #5: A (better) solution

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

29  f = aplpy.FITSFigure( mosaic. fits',figsize=(10,6))
f.show_colorscale(cnap="Greys',stretch="arcsinh')

33 coords = ICRS(sources['RAJ2000'], sources['DEJ2000'], unit=(u.deg, u.deg))
34 gal = coords.galactic

37 mc_mask = (gal.l.deg > 270) & (gal.l.deg < 285) & (gal.b.deg > —40) & (gal.b.deg < -28)
38 mc_l = gal.l.deg[mc_mask]
39 mc_b = gal.b.deg[mc_mask]

42 mc2_mask = (gal.l.deg > 300) & (gal.l.deg < 305) & (gal.b.deg > -48) & (gal.b.deg < -45)
43 mc2_L = gal.l.deglmc2_mask]
44 mc2_b = gal.b.deg[mc2_mask]

47 g mask = (gal.b.deg > -5) & (gal.b.deg < 5)
48 g_L = gal.l.deglg_mask]
49 g_b = gal.b.deglg_mask]

52 f.show_markers(gal.l.deg,gal.b. deg,marker— o',c="k")
53 f.show_markers(mc_1,mc_b,marker= r)

54 f.show_markers(mc2_l,mc2_b,marker="0
55 f.show markers(g_l,g_b,marker="0",
56 title('My Excellent Galactic Plot')
57 grid(True)

58  savefig('celfig.pdf')

CASS Radio School 2014 October 1, 2014
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Galactic Latitude

CAASTRO

ARC CENTRE OF EXCELLENCE

Prof. #5: A (better) solution

FOR ALL-SKY ASTROPHYSICS

My Excellent Galactic Plot
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CX CARSTRG Profilem #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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CAASTRO

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

Prof. #6: A solution

CASS Radio School 2014

v

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

One by one, you download
data for each source from

DSS2R, WISEW1, SUMSS
and NVSS

... this takes a while

You open them in KVIS and
make RGB plots for each

... this also takes a while

October 1, 2014
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http://simbad.u-strasbg.fr
http://ned.ipac.caltech.edu
http://www.atnf.csiro.au/computing/software/karma/

CAASTRO Prof. #6: A solution

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

@) Portal  Simbad VizieR ~ Aladin
coord 83.8666441 -69.2697166 (FK5, 2000, 2000), radius: 2 arcmin

laich ~ Other~  Help

other query Identifier Coordinate Criteria Reference Basic Seript Output Help
modes : query query query. query gquery  submission  options
Object query : coord 83.8666441 -69.2697166 (FKS5, 2000, CDS. - SIMBAD4 rel 1.223 -

2000), radius: 2 arcmin 2014.09.30CEST15:13:12

Number of towS : 34 | oot i st of objects @ Bquat. ) Gal ) SGal ) Eel

N Identifier dist(asec) Otype TCRSJ2000) ICRS (12000) g, gype o Arel | notes
~o o av | av o o 2 av | av

1 | NAME SNR 1987A 004 SNR 0535280 -691611  ~ 1“0
2 SN1987A 046 |SN* 053528020 -69161107 SN.IPec 43 2
3 | [WLIS7I Star 1 029 % 053527942 69161107 B3la 3o
4 CPD-69 402 041+ 05352792 6916111 OB 26 1
5 KMK8880 102 cF (053528 69162 |~ 50 0
6 MACHO 828888 54 166 |v¢ (053528181 69161231 |~ 1 o
7 [Ws9013 187 |+ 053528267 -691612.17 ~ 17 o
8 |[NP99IBS2 233 7 05352827 6916128 |~ 1 o
9 [NPKS7IBS 255 7 05352826 -691613.1 |~ 2 o
10/ [LSB2000] Star 2 285 * 053527591 -691609.13 BOV 0 0
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CAASTRO Prof. #6: A solution

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

X| Browser 1 of 1 for display window 1

Dostroy][Copy] [INGHINGHI [V Shou: all |

VData: Arrays Make Data

A P 053527.99-691610.9_DSS2R.Fits
J053527,99-691610.,9_SUMSS. fits

J053527.99-691610.9_WiseWl.fits
rgb_fits

Red: 1053507 _89-RA1R10.8 TSS0R Fita Frment J0GE507.95-AR1R10,3_Uisclil,
(:Xe]

\| makeDataBrowserShell

VAlgorithm: RGB

[R J053527,99-691610.9_DSS2R. fits
_.{B J053527,99-691610.9_SUMS5. fits
5#{G J053527.99-691610.9_WiseMl.fits

[WProfile: of¢ | Profile Colours:

Dark: [] ILight: [ I
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@EANASTHU Prof. #6: A (better) solution

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

» You use SkyView's .jar script
to get DSS2R, WISEW1,
SUMSS and NVSS maps of
all < 2” matches

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

v

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

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

CAASTRO : A (better) solution

49 from astroquery.sisbad isport Simbad In 121: import xray_process.sin

50 Tib/python2. Py e.py:3847: gt War
5 0 “converting a masked elenent o o

52 2 = sources lac_sask] Varnings.warn("Warning: converting a masked elenent to nan

53 b = sources[ac2_naskl 053527.99-691610.9 838666441 ~69.2697166

SO sourceslomaek : AstropyDeprecationWarning: The fornat function is deprecated and may
e be removed in a future version.

2 N Use to_string instead. [astropy.utils.misc]

5 BEEEEAY R e + AstropyDeprecationWarning: The fornat function is deprecated and nay
> be removed in a future version.

Use to_string instead. [astropy.utils.misc]
alangdist'] < 2 MAIN_ID C00_BIBCODE
= almask]

mask

ask

8
o
2
3

NAME SNR 19874 .
for 1 in range(s, len(a)): SN 1987

[WLI87] Star 1

name = al'ALWISE'] [1]

s ragies © ol 2001 51,a1/0E22090_1141 2;;;, 190000, .11,

@ LT (s (S0P2012] 1 199 ... 2012UNRAS.421

7n [SDP2012] 1 196 ... 2012MNRAS.421...785

2] ICRS (ra, dec, unit=(u.deg, u.deg)) <Row 0 of table

7 values=(NANE SNR 19874, 05 35 28.0, =69 16 11, 5, 5, , 0,0, , 201003..
z +140..584D)

dtype=[(‘MAIN_ID', '0'), (*RA’, 'S13'), (‘DEC’, 'S13'), (‘RALPREC', '<i2),
"DEC_PREC', '<i2'), ('COO_ERRMAJA', '<f4'), ('COD_ERR MINA', '<f4'), ('CO0 ER
R_ANGLE', '<i2'), ('COO_QUAL', 'S1'), ('COO_WAVELENGTH', 'S1'), ('C00_BIBCODE"

7 e Gl , 001>

79 print ‘Coordinates ‘.mfﬂd’tunmﬂtt QB.G ra.deg, c2.dec.deg Coordinates: 83.8666441 -69.2697166 83.8666666667 -69.2697222222
80 d = c.separation(c2) Separation ("): 0.035165200623

81 print ‘Separation (*):',d.arcsec
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CAMSTRD  Prof. #6: A (better) solution

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

{rom astroauery.sistad isport Sisbad
inport o

inport

from n(p\nlln isport rc

(" ext

re font

Awesometastic Plot
= sources [ac_nask] -
© = Sources (ac_sask]
€ 2 Sources o.mask

fovadd_row(blil) for 4 in ramse(s, ten(o))] 69°14/00.0"
[t CI41) for 1 in range(s, len(c))]

= al"angpist’] <2
a_pask = alsaskl

1500.0”

for 1 in range(s, len(a)):

1)
00_"1 [41,a1"DE32080_" 4]

16'00.0"

surveys = ['DSSZR', WiseW1', 'SHASSA_H', 'FIRST"  'SUMSS" ' IRIS109']

projection=Tan \positionshs,As size=0.1,0.1 pixels=108,100 \
Survey="%s" output="T1g5/%s ¥s. Fits"" % (ra,dec, survey, name,survey))

os.systea('ra £t rob.fits’)

yFits.open( " Figs/As_WiseWl. fits® % nane) (0] data
yFits_open("fi0:/%s SSZR. Fits' % name) [9].data
Fits.open("igs/as SINSS. F1ts" % name) (0], data

odstack((r,0,0)) 18'00.0"

pssan. fitat % name) (0] header
se)

e, data-rgb)

1%s_rgb.png’ % name,

10000 |
36700.00° 45.00° 30.00% 15,000

title(nase)
savetig('ss_rob.png’ % name, bbox_inc

RA (12000)
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Prof. #6: A (better) solution

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS
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@ LAASTRO Prof-lem #7

Prof-lem #7

“It's PAAAAAAAAAPPPPEER
THITNIMMMMEEEE! 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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@EAASTHU Prof. #7: A solution

FOR ALL-SKY ASTROPHYSICS

» You print and read the
MNRAS format guidelines

» You use your favourite text
editor to start your paper

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

» You decide you rather dislike
IATEX (and miss Word)

» Some months later, you
emerge with a paper draft
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EAASTHU Prof. #7: A solution

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

ticle

800 FUMyEXC

\documentclass [twosidel{article}

% TITLE SECTION

\title{This is a really cool paper}
\author{Awesome Person}
\date{}

\begin{document}

\maketitle
At yle{fancy} % Because I'm feeling fancy today

% ABSTRACT

\begin{abstract}

Chicken chicken, chicken chicken chicken. Chicken chicken chicken chicken? Chicken chicken
chicken chicken: chicken chicken chicken chicken chicken chicken. Chicken chicken chicken,
chicken chicken. Chicken chicken chicken chicken chicken chicken chicken chicken chicken
chicken chicken chicken chicken. CHICKEN! |

\end{abstract}
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@EAASTHU Prof. #7: A (better) solution'’

FOR ALL-SKY ASTROPHYSICS

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

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

> You rather like IATEX by the
end of it, and start making
everything in INTEX

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

EAASTHU Papers...

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

Paper 120112 tex

begin{abstract)

e report on the discovery of a new Galactc supershel,
(GSH-0085-$15+7, from the Galactic Al Sky Survey data. Observed and
derived propertes are presented and we find that GSH-0065.$15+7
one of the nearest physicallylarge supershels known, with
dmensions of o

GSH 006-16--7: A local Galatic supershell futue
transition from Hi emissi

2 ion to absorption
The shellwal appears in H{\sc } emission at

and in H{\sc 1} self-absorption (H{\sc 15A) at VA M2, NAL MeClure Grfi
this feature slong with Hi\cc 1/SA disgnostics to » P s o e

mooo s

estimate an opticaldepth of $\t -3, spin temperature of~S\:imS~40-K and a swept-up
mass of M h We aiso Investigate the origin of
1547, assessing the energy contibution of candidate powering sources. [

jdence i favour of a formation energy of $\si g
vidence for the transfr of mass and energy from

ISM — radiatve transfer — stars: winds
endikeywords}

)

it -
he rss o el byrogen (1< 1) inthe rvers hs rsred s conrly i both
) it oo o ok o 2

s detected n H{\sc ], known 20084}, are

(BN scesiion | patvens: [P Ready

CASS Radio School 2014 October 1, 2014 69



CAASTRO

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

Talks...

center]
endiframe}

beginirame(t] {Prof. \#7: A (better) soluton’ {texmaker can be found

nttp/ fwwew. | math. et texrmaker/}oninel}
{Two columns}

EEEEE)

u use texmaker a5 your ows you to quickly see your
changes and edts
You download pre-made MNRAS. 0 save time buiding your own article

rom scrateh
the end of i, and start making \texti{everything} in

endicokmrs)
endiframe] |

iframe 1 Papers..}
begnicenter}
Nncludegrapl 0,18 texmaker g}
enci

present.cs Waring ne 1 You have requested document class *present’ but the document cias provi
tookittex Waming ne 20 Option *pdfauthor”has akeady been used, (hyperref) setting the option has
tookittex 8adbox ine 3 Overfull \hoo (97.63335t too wide) in paragraph at nes 43-43
tookittex Badbox ine 43 Overfull\nbox (82.98848 100 wide) in paragraph at ines 43-43

2018 11:31
entering extended mode

CASS Radio School 2014

see your changes and edits

> You download pre-made
MNRAS BTEX templates, to
save time buikding your own
article from scratch

> You rather like BTEX by the
end of it, and start making
everything in BTEX

texmaker can be found

Papers.

0G FLE les
This is pdfTeX, Version 3.14159265-2.6-1.40.15 (TeX Live 2014) (preloaded format=pdfiatex 2014.7.29) 1 OCT
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CAASTRO

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

ARVl + View POF
Fater B ~Cics

f\colorfwhtel
HVCs i the Galactic Al Sky Survey}

e}
v

x(introduction} {rame=intro,column=0,row=0}
ey
e present  catalogue of high velocity clouds derved from the Galactc All Sy Survey.
Galactc AN Sky Survey has \simS’57 mK ty, 165°S anguiar resolution and
velociy resolution \citep{McOureGrifths:2009p3462]
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Components of the toolkit
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0. Language: Python

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

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

@ ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

2. Paper management: Papers

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

@EAASTHU 3. Crossmatching: X-Match

FOR ALL-SKY ASTROPHYSICS

35

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

@EANASTHU 4. Data manipulation: astropy

FOR ALL-SKY ASTROPHYSICS

y)astropy

A Community Python Library for Astronomy

http://www.astropy.org
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http://www.astropy.org

@EANASTHU 5. Astronomy plots: aplpy

FOR ALL-SKY ASTROPHYSICS

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

@EAASTHU 6a. Multi-wavelength data: SkyView

FOR ALL-SKY ASTROPHYSICS

SkyView
}%— The Internet’s Virtual Telescope

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

@EANASTHU 6b. Source investigation: astroquery

FOR ALL-SKY ASTROPHYSICS

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

7. BTEX: texmaker

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

8. Radio school: Fourier transforms

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS
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