-
-
e IGH
S I

HND

EXTRA qr« TiC
RSTROPHY

PLANETARY TH‘ et ":rr AND=™

IIW

STURINDE:

ETHODS

—>§G%LHR D

PHENOMENA:
SOLAR *SOND)

FNERGY
v H
FARTH MET (
FOR

arXiver

A

Dealing with the big data of scientific literature

Python in Astronomy, 2| st April 2015

Vanessa Moss
CAASTRO/University of Sydney

&

CAASTRO E2

ARC CENTRE OF EXCELLENCE
FOR ALL-SKY ASTROPHYSICS

.’

»
EE*
:



Using Python as a service

* As knowledgeable programmers, there are various ways that
we can use these skills to Improve astronomy

Example: Grthub repos, software development, education

 [hese are essentially tools that help people to do astronomy
(or anything) In a better/more efficient way

- arXiver Is an example of Python as a service, which aims to
achieve a similar goal of helping people

Python in Astronomy, 2| st April 2015 2



My aims through this talk

| Introduce and explain the workings of arXiver, which was
developed using Python to provide a literature service

2. Demonstrate how we have interacted with the community
to (hopefully!) improve arXiver over time

3. Give an Insight into other ways that Python programmers
can use their skills to Improve the way we do astronomy

Python in Astronomy, 2| st April 2015



arXiver I1s brougnt to you by:

Me & Aidan Hotan (CSIRO)
@cosmicpudding & @EldritchlLore

Python in Astronomy, 2| st April 2015 ¥



The inner workings of arXiver
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Scrape new arXiv postings
urllib

Email notification Post to Wordpress.com
email, smtplib wordpress_xmlrpc
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Download each paper's tar file Find associated images
urllib os

l

Fourler spectrum

Pick a selection of figures
numpy, scipy numpy, scipy

Fourier spectral analysis



The inner workings of arXiver

arXiver daily update: Tue, 21 Apr 15 Inbox X =

arxiverbot@gmail.com 09:56 (0 minutes ago) ~ v
to me, ahotan, thearxiver |~

Dear wonderful arXiver monitors,

| have finished posting 69/69 fabulous astro-ph papers for today!
Lots of love,

arXiver

Python in Astronomy, 2| st April 2015 6



Why Is the literature important?

» Sclence Is fundamentally built upon previous work - and
astrophysics 1s no exception to this

* It is (currently) the key quantifiable output of an astrophysicist

 Knowledge of your work’s place in a wider field is critical to
contextualising its relevance

- Keeping up to date with the newest advances In astronomy
gives you an Idea of the general direction of the field

Python in Astronomy, 2 | st April 2015 /



How has the Iiterature changed?

Publications MNRAS, ApJ and A&A, since 1827

4,500 |
B MNRAS M ApJ ASA HAJ M PASP
3,000
1,500
0
-1,500
1840 1880 1920 1960 2000
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How has the Iiterature changed?

: - We gratefully acknowledge support from
Comell Umver31ty the Simons Foundation

lera_ry and member institutions

Search or Article-id (Help | Advanced search)

Help Table of Contents | Search arXiv Help

arXiv.org > help

Understanding the arXiv identifier

The canonical form of identifiers from January 2015 (1501) is arXiv:YYMM.NNNNN,
with 5-digits for the sequence number within the month.

The article identifier scheme used by arXiv was changed in April 2007. All existing
articles retain their original identifiers but newly announced articles have identifiers
following the new scheme. As of January 2015, the number of digits used in the second
part of the new identifier, the sequence number within the month, is increased from 4

to 5. This will allow arXiv to handle more than 9999 submissions per month (see
monthly submission rates).

Python in Astronomy, 2 I'st April 2015 7 http://arxiv.org/help/arxiv_identifier



http://arxiv.org/help/arxiv_identifier

How does arXiver help!?
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» Dally papers appearing on astro-ph can be hard to diges
Ve present the meta-data of each paper, reformatted

We also Include three ‘representative’ figures from the paper
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How does arXiver help!?

http://arxivernet

Sparse representations and convex optimization as tools for

LOFAR radio interferometric imaging [IMA

random >
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How does arXiver help!?

[42] arXiv:1311.5462 [pdf, ps, other]

Hydrodynamical simulations of a compact source
scenario for G2

A. Ballone, M. Schartmann, A. Burkert, S. Gillessen, R. Genzel, T.K.
Fritz, F. Eisenhauer, O. Pfuhl, T. Ott

Comments: 4 pages, 3 figures, Proceeding of the IAU 303. "The GC. Feeding and
Feedback in a Normal Galactic Nucleus® / September 30 - October 4, 2013, Santa
Fe, New Mexico (USA)

Subjects. Galaxy Astrophysics (astro-ph.CA)

The origin of the dense gas cloud G2 discovered in the Galactic Center
(Gillessen et al. 2012) is still a debated puzzle. G2 might be a diffuse
cloud or the result of an outflow from an invisible star embedded in it. We
present here detailed simulations of the evolution of winds on G2's orbit.
We find that the hydrodynamic interaction with the hot atmosphere
present in the Galactic Center and the extreme gravitational field of the
supermassive black hole must be taken in account when modeling such a
source scenario. We find that the hydrodynamic interaction with the hot
atmosphere present in the Calactic Center and the extreme gravitational
field of the supermassive black hole must be taken in account when
modeling such a source scenario. We also find that in this scenario most of
the Br\gamma)\ luminosity is expected to come from the highly
filamentary densest shocked wind material. G2's observational properties
can be used to constrain the properties of the outflow and our best model
has a mass outflow rate of Mdot,w=8.8 x 10A[-8) Msun/yr and a wind
velocity of vw = SO km/s. These values are compatible with those of a
young TTauri star wind, as already suggested by Scoville & Burkert (2013).
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Hydrodynamical simulations of a compact source scenario
for G2 [GA)
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The origin of the dease gas cloud G2 dacovered In the Galactic Center (Cillessen et al 2012) is
SUll & debated puzzie. G2 might be & diffuse cloud of the resu of an outflow from an nvisible
star embedded In R. We present here detalled simulations of the evolution of winds on G2's
orbit. We find that the hydrodynamic interaction with the hot atmosphere present in the
Galactic Center and the extreme gravitationsl field of the supermassve Black hole mest be
taken In account when modeling such a source scenano. We find that the hydrodynamic
intesaction with the hot atmosphere present in the Galactic Center and the extreme
gravitational Nield of the supeemadsive Dlack hole Must be taken In AcCount when modeleag
such a source scenaro. We also find that in this scenario most of the BrAgamma) luminosity Is
expected to come from the highly lamentary densest shocked wind materal. G2's
ObSENATIONA PrOgarTties CaNn De wied 10 CONSIAIN the propermies of the outfow and our Dest
model has & mass outflow rate of Ndotw=88 x 10°{-8} Msun)yr and & wind velocRy of vw = 50
nys. These values are compatible with those of a young TTaurl star wingd, as akeady suggested
by Scoville & Burken (2013)

Read this pager on arky

Fri, 22 Nov 13




How does arXiver help!

[S3) arXiv:1311.5520 [pdf, ps, other]

A Multi-wavelength Study of the Host Environment of
SMBHB 4C+37.11

Roger W. Romani, W.R. Forman, Christine Jones, S. S. Murray, A. C.
Readhead, Greg B. Taylor

Comments: To appear in the Astrophysical Journal

Subjects: Galaxy Astrophysics (astro-ph.CA)

4C4+37.11, at z=0.055 shows two compact radio nuclei, imaged by VLBI at
7mas separation, making it the closest known resolved super-massive black
hole binary (SMBHEB). An important question is whether this unique object is
young, caught on the way to a gravitational in-spiral and merger, or has
“stalled' at 7pc. We describe new radio/optical/X-ray observations of the
massive host and its surrounding X-ray halo. These data reveal X-
ray/optical channels following the radio outflow and large scale edges in the
X-ray halo. These structures are promising targets for further study which
should elucidate their relationship to the unique SMBHB core.
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A Multi-wavelength Study of the Host Environment of SMBHB
4C+37.11 [GA)

Posted on November 22, 2013

14 ¢ es
 T— Logl fems magpe snw redurape )]

AC+37.11, at 2+0.055 shows two compact radio neclel, imaged by VLBI at Tmas separation,
making it the closest known resoved super-massive black hole bisary (SMEMS). An important
question is whether this unique ocbject is yousg, caught on the way to a gravitational in-spial and
merger, or has “stalled” at Tpc. We descride new radigyopticalX-ray observations of the massive
host and Rs sumounding X-ray halo. These data reveal X-rayfoptical channels following the radio
outfiow and lasge scale edges in the X-ray halo. These structures are promising targets for further
study which should elucidate thelr relationship to the unique SNBHS core.

S paper on arkiy

fri, 22 Nov 13
2466

Posted In Calaxy Astrophysics | Tagged Galawy Astrophysics | Ecit




How does arXiver help!?

[25) arXiv:1311.5282 [pdf, other)

RESOLVE: A new algorithm for aperture synthesis

imaging of extended emission in radio astronomy
H.Junklewitz, M.R.Bell, M.Selig, T.A.EnRlin

Comments: 22 pages, 8 figures, submitted to Astronomy & Astrophysics
Subjects: Instrumentation and Methods for Astrophysics (astro-phiM)

We present RESOLVE, a new algorithm for radio aperture synthesis imaging
of extended and diffuse emission in total intensity. The algorithm is derived
using Bayesian statistical inference techniques, estimating the surface
brightness in the sky assuming a priori log-normal statistics. RESOLVE not
only estimates the measured sky brightness in total intensity, but also its
spatial correlation structure, which is used to guide the algorithm to an
optimal reconstruction of extended and diffuse sources. For a radio
Interferometer, it succeeds in deconvolving the effects of the instrumental
point spread function during this process. Additionally, RESOLVE provides a
map with an uncertainty estimate of the reconstructed surface brightness.
Furthermore, with RESOLVE we introduce a new, optimal visibility weighting
scheme that can be viewed as an extension to robust weighting. In tests
using simulated observations, the algorithm shows improved performance
against two standard imaging approaches for extended sources, Multiscale-
CLEAN and the Maximum Entropy Method.
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RESOLVE: A new algorithm for aperture synthesis imaging of
extended emission in radio astronomy [IMA]

We present RESOLVE, a new algorithm for radio aperture synthesis imaging of extended and
diffuse emission in total intensity. The algonthm is derived using Bayesian statistical infesence
teChniques, estmatieg the suface DrAGNENAsS In the sky assuming 3 prion log-nomMmal S1atisTics.
RESOLVE not oaly astimates the measurad sky Baghiness in total intensity, But also ks spatial
comelation structure, which IS used 10 guide the algonthm 1o an optieal reconstruction of
exiended and Offuse sources. For & radio Interferometer, It sucCeeds In deconvolving the effects
of the Instrumental point spresd fanclion during this process. Additionaly, RISOLVE provides a
map With an uncertainly estimate of the reconstructed surface brightness. Furthermare, with
RESOLVE we Introduce a new, opimal visibiity weighting scheme that can be viewed as an
extension to robust weighting. I tests using simulated odsenations, the algorthm shows
mproved performance against two standand imaging approaches for extended sources,
Multiscale-CLEAN and the Maximem Entropy Method
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http://cloudyscience.wordpress.com

Selecting representative iImages

* How can an automated process decide what most appeals to a
wide variety of human viewers!?

» Could apply machine learning with a training data set
- This seems overly complicated
- Likely to be high variance in the input data (differing opinions)

» Instead, consider objective information content
- Scientific information content is Impossible to rate without intelligent
interpretation, but we can judge the raw complexity of an image
- A perfect opportunity to apply the Fourier transform!

Python in Astronomy, 2 | st April 2015 7 Slide content: Aidan Hotan



Making a selection
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Initial response to arXiver

Vanessa Moss

arXiver: bringing you the latest astronomy papers uploaded to
astro-ph!
http://arxiver.wordpress.com/

We've put together a WordPress that automatically displays the
latest papers from astro-ph, together with a few images from each
paper in a nice readable format. This developed based off an idea
from Rob Simpson about making arXiv easier to follow (and look
at!). Each post is also automatically fed to a Twitter account
(@arXiver) in case you want to follow it that way.

arXiver has really only been live for a few days and we're still
improving various things but hopefully this will be useful to
people in this group & We'd love your feedback too!

Vanessa Moss and Aidan Hotan

\ RO A =1
fﬂ&ifgﬁY ST

PLANE
'_METHODS
XGHLHXIJD

== NCIMENH &

e

arXiver

arxiver.wordpress.com

bringing you the latest astronomy papers uploaded to astro-ph
0'_1_] Like - Comment - Share - Stop Notifications

Sydney

&Y Bryan Gaensler, Billy Robbins, Amanda Bauer and 171 others like
this.

L) View previous comments 50 of 74
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lvy Wong @owning_ivy 58d
a very nice alternative to the usual
arXiv listing thanks to
@cosmicpudding & @EldritchLore.
About wp.me/P3ZmZy-1 via
@arXiver

Peter Edmonds @peterdedmonds 57d
A different way to look at new astro
papers on the arXiv:
arxiver.wordpress.com or @arXiver
Give it a try.

ef ¢

% amanda bauer % @astropixie 58d
astronomers, meet @arXiver: a better
way to get your daily dose of arXiv!
arxiver.wordpress.com/about/
thanks to @cosmicpudding &
@EldritchLore

August Muench @augustmuench 57d
Awesome new “figure” based view
of arXiv: (@arXiver) bit.ly/18URSUp -
- Hats off to @cosmicpudding &
@EldritchLore!
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Current usage of arXiver

2,500

2,000

1,500
1,000

Oct 20 Nov 24 Dec 29 Mar 9 Apr13

o

500

400

300
200
: || . §

Mar 23 Mar 28 Apr12 Apr17

Python in Astronomy, 2| st April 2015 20



Current usage of arXiver




Current usage of arXiver
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Current usage of arXiver

arXiver s
arXiver
B e A Comprehensive Characterization of the 70
upioaded to astro-ph. Virginis Planetary System [EPA] wp.me
\}; thearxiver@gmail.com ID3ZWZ}"DCS
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Current usage of arXiver

10 arXiver pageviews: 08/10/2013 - 23/03/2015

e B E e T A L T

T

Number of views

10!

Dec 2013 Feb 2014  Apr 2014  Jun 2014  Aug 2014  Oct 2014 Dec 2014 Feb 2015
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The role of the arXiver user

B ee o Xver as a tool for astronomers

ERGider to cauge the current user experience o alANERTE
released an arXiver User Survey

» [his survey had three goals:
|) To determine opinion on showing author names in posts

2) To identify the optimal path for future development
3) To assess the response of astronomers to arXiver

* Overall we had |58 unigue responses from around the world!
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I he arXiver user survey
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The question of author names

» At the start, we chose not to Iinclude author names In posts

» [his was done with the goal that arXiver readers could judge
each post based on Its scientific content, not knowledge of
authors (avoiding any unconscious or conscious bias)

* There are convincing arguments on both sides
- avoiding bias, focusing on science
- giving credit/exposure, familiarity with authors

* Part of the arXiver User Survey examined this question

Python in Astronomy, 2| st April 2015 L



The question of author names
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Paths for future developments

Latex in abstracts
Keywords as tags

Favourite/save posts

Better figure selection

Keyboard shortcuts

Dedicated server

Other

Distinguishing types of papers

Authors specify plots

Stock images if none

Python in Astronomy, 2 | st April 2015 29



The 2013 experience of arXiver
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The future of arXiver

» arXiver is at 20/% storage capacity (6.2 GB) - need to move to a server!

* The arXiver User Survey results helped us determine what to focus on
developing next, as well as answering the author question

- There may be potential for future collaboration with other open access
scientific data projects in astronomy - arXiv! Other sciences!?

* Fourler spectral occupancy Is an effective way to determine the
complexity of an image, and may be applicable beyond arXiver

* Python, combined with existing libraries, can be used to provide useful
new services to aid astronomers In their work

Python in Astronomy, 2| st April 2015 3



Come talk to mel

* It you have ideas for new features or the future of arXiver,
and how we can make it more useful for astronomers

* It you want to know more about any of the packages |
mentioned, or seek advice on similar Python-web stuff

* It you know about transitioning from wordpress.com to
wordpress.org and how to make it go smoothly

* If you are Interested in Fourler spectral occupancy®

Python in Astronomy, 2 I st April 2015 32 *see also: http://tftp.wikidot.com/



http://wordpress.com
http://wordpress.org
http://tftp.wikidot.com/

http://arxivernet

Thanks for listening!

56
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