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GW150914: first detection of gravitational waves!

On September 14, 2015 09:50:45 UTC the Advanced LIGOs detected the GW
signal GW150914, originating from the coalescence of a binary black hole system.

Abbott et al. 2016, PhRvL, 116

- Clear signal observed in coincidence by two LIGO

detectors.
- The source is the merger of two stellar mass black
holes.
- total mass: 65 Msun
- primary black hole: 32 Msun to 41 Msun
- secondary black hole: 25 Msun to 33 Msun
- remnant black hole: 62 Msun
- redshift: 0.054 to 0.136

Provides the first robust confirmation that:

- "Heavy"” stellar-mass BHs exist

- Binary BHs (BBH) are formed in nature i | -
- BBHs inspiral and merge within the age of the Universe




LOCALIZATION AND BROADBAND FOLLOW-UP OF THE
GRAVITATIONAL-WAVE TRANSIENT GW150914
Submitted to ApJL

- 63 teams of astronomers were ready to observe during O1!

- 160 instruments (satellites/world-wide
ground-based) covering the full spectrum
from radio to very high-energy gamma-rays!

» 25 teams via private Gamma-ray
Coordinates Network Circulars
report follow-up observation of
GW150914

Position of the source reconstructed in
a 600 sq degree region in the sky.

Many follow-up observations have Q... L oW =
: ' radio

been performed: 70% sky localization S ST optial

X-ray [

covered in the optical wavelength. Tray Galksky)




Aladin Sky Atlas and Python

GWsky's Motivations

leO-Virgo GCN notices do not contain a position
(RA, Dec, error radius), instead they point to an URL
to a FITS file containing a probability sky map in the
HEALPix all-sky projection.

e

python X _ _
The error box of a GW event is very large typically

several hundred of square degrees.

SAMP: Simple Application Messaging Protocol.
It is a protocol for astronomical applications to collaborate.

A easy tool to display the projections of the Field of View in the GW error box
and get some relevant information combining Aladin and Python via SAMP.




GQWsky: an interactive Pythen seript

GWsky is an interactive Python script to generate a sequence of pointings given a specific
Field of View (FoV). It aims to split the large GW sky localization into several independent

areads.

The airmass, the integrate probability and a query to the Vizier database are provided
in real time.

qwskg.’ ﬁ/fnj the sfymafy fn
The Italian National Institute for ﬁe/ﬂ% 0)( View

Astrophysics (INAF) made used of QWskg = i —
during the first science run O1.

The skymap of a GW event, represented
by white region of interest on a dark
background, is tiled with m /if le EM
_ . AR

observations, each one targeting a |
CO’Ore d t"le' ,-’:fu ﬂf.r'r._g t‘-'}rr'h emagn efre Co un fr{!:arf.f e f '—ff av¥ifatiena / Wa rrs,-"!' f ¥ Powered by Aladin via SAMP

GWsky makes use of Astropy ond Healpy packages

Credits: The Virgo Collaboration MediaKit | C l fC k on




GWsky mechanism

)

/

send files to send scripts to
Aladin planes Aladin console

.tables draw_circ = 'draw red circle' + '(' + position + ', ' + size +')'
images
catalogs




Input values and main functions

HEALPix skymap caladinSAMP

Starting with qWSkg

From idle: Confidence region « aladinSAMP
>>> import GWsky

>>> GWsky.main ()
sal 1 1
From terminal: CDS Catalog aladin_console
Field of View
: *aladin console
size e

. /GWsky

lIJ It raises an exception

if Aladin Sky Atlas is not run. - - .
0 ky Observation time eairmass
***Launch Aladin Sky Atl £ i th Apt¥*r*

S etsi/faladin. weateasb el Observatory

Coordinates *airmass
Unable to find a running SAMP Hub
= EM Cand|dates caladin console




QWS'(B Command Line

C runs a new sequence changing the FoV center

I runs a new sequence without drawing the input FoV

L runs a new sequence starting from the /last drawn FoV

R repeats the last action




enn Survey Area Definition Tocl (VST)
File Options Help

Survey ID |vsr_s nmpy{

Type Lon Lat Diameter (d... | === Angle id... System Exclude
Coordinate Range 30.0 2.0 35.0 1.2 0 Galactic
Coordinate Range 1%:10:00 -02:00:00 19%:30:00 +02:00:00 0 FKS (J20...
Geodesic Rectangle 19:20:00 -07:00:00 5.0 4.0 -20 FK5 (J20

Cirle 260 J25 _J45 | |

Add Survey Area Delete Survey Area

Pawered by Aladi

VST pOintingS. Select Catalogue
The VLT Survey Telescope (VST) is the latest major i —
telescope to be installed at ESO's Paranal
Observatory.

View | Update Areas Start /| Resume Reset Plastic

ar



P robabﬂ?ty Skgmap

The probability skymap is shown In the first Aladin plane.

def send file( infile }):

"o

Sending a file (image or table) to Aladin Sky Atlas
using the SAMPIntegratedClient class.

http://does.astropy.org/en/stable/vo/samp/example tabl

e_image.html

URIEN

from astropy.vo.samp opor© SAMPIntegratedClient

client = SAMPIntegratedClient()
client.connect ()

params = {}
S por L urlparse
import os.path
params[ "url" ] = urlparse.urljoin( 'file:',

os.path.abspath( infile ) )

message = {}

message[ "samp.mtype" ] = "image.load.fits"
message|[ "samp params" ] = params
client.notify all( message )

client.disconnect()

—

g<—_POINTING

= VI267/gwac,
Z224 contour_ipix.ou
- B file://fhome/giC:

>€ zoom = dll———— +
crop
[g@ Frarne: ICRS

L‘;“: " 50

-30
del

07:48:09.54 -34:52:12.0
180° x 180°

o

0 sel/ 110208 sre  S6fps f 149Mb E




Confidence Region

The confidence region selected by the user - pixel table.

def send file( infile }):

"o

Sending a file (image or table) to Aladin Sky Atlas
using the SAMPIntegratedClient class.

http://docs.astropy.org/en/stable/vo/samp/example tabl
e_image.html

URIEN

from astropy.vo.samp 1o SEAMPIntegratedClient

client = SAMPIntegratedClient()

client.connect ()

params = {} o#:00 |

lnport urlparse

import os.path

params[ "url" ] = urlparse.urljoin( 'file:',
os.path.abspath( infile ) )

32:00

0200,

message = {}

message[ "samp.mtype" ] = "image.load.fits"
message[ "samp.params" ] = params
client.notify all( message )

client.disconnect () e eeo )

8
i
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g
]
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—
g=—_POINTING

= VI267/gwgc,
contour_ipix.ou

LEB\ file://fhome/giC:

'+

Frarne: ICRS

+3

S

£
\i} 1\ ;j y
X -180
=30
07:48:09.54 -34:53:12.0
180° x 180°
o

0 self 110208 sre  S9fpsf 117Mb E
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Se!-et'tet' Cat’a’-og

Specifying the ID of a catalog, a query to the Vizier database is sent and the relative

values are listed in each FoV. The entire catalog is displayed in Aladin plane.

get VizieR( catalog ):

building command script for Aladin conscle:
"get VizieR (catalog,allsky)".
It is sent via SAMP to Aladin console.

T
oo - aladinSAMP

get vizier = 'get VizieR('+eatalog+',6 '+'allsky'+')’

aladinSAMP.send script (get_vizier)

def send script( script ):

wn

Sending a script to Aladin Sky Atlas using the
SAMPIntegratedClient class.

http://docs.astropy.org/en/stable/vo/samp/example table
image.html o -

"o

“ron astropy.vo.samp o - SAMPIntegratedClient

client = SAMPIntegratedClient()
client.connect ()

params = {}

message = {}

message|[ "samp.mtype" ] = "script.aladin.send"
message[ "samp.params" ] = { "script" : script }

client.notify all( message )

client.disconnect()

—
g~ POINT

ING

TS, vW/2671gwgc,
Z=5y contour_ipix.ou

LEB\ file://fhome/giC:

o

Frarne: ICRS

-30

07:48:09.54 -34:52:12.0
180° x 180°

o

0 self 110208 sre  S9fpsf 125Mb E




The FoV tile centers at the highest probability pixel. The FoV are defined using the Instrument Footprint
Editor and the Votable is modified by the instrument_FOV function.

def get FoV( %, y ):

building command script for Aladin console:
"get FoV(peinting)".
It is sent wia SAMP to Aladin console.

111

~mport aladinSAMP

position = [ x, y ]
position = ' '.join(map(str, position))

FoV_pointing = 'get FoV(pointing) '+' '+position

aladinSAMP.send script ( FoV_pointing )

def instrument FOV( FOV_base, FOV_height ):
mwan

Modify the file output of Instrument Footprint Editor
provided by Aladin with a user FOV size.

“mport aladinSAMP

“rom astropy.ic.votable o0l parse
votable = parse( "footprint GWsky2.vot" )
table = votable.get first table()

data = table.array

FOV_base_arcsec = FOV_base*3600.0

FOV_height arcsec = FOV_height*3600.0

data[0] = - FOV base arcsec / 2.0, FOV_height_arcsec
data[l] = FOV base arcsec / 2.0, FOV height arcsec
data[2] = ase_arcsec / 2.0, - FOV_height_arcsec
data[3] = - FOV_base arcsec / 2.0, - FOV_height arcsec

votable.to xml{ 'instrument FOV.vot' }
aladinSAMP.send file( 'instrument FOV.vot' )

e

MNRMNNMN

cooo

P

H

—i}
*" POINTING
ﬁVlleﬁ?fgwgc.

4=, contour_ipix.ou
[ file://fhome/gic:

x zoom = ﬂIT +
crop

T, Frarne: ICRS
cort

L =

-30
del

07:48:09.54 -34:52:12.0
180° x 180°

o

0 sel/ 110208 sre  53fps f 160Mb E




Integrated Probability

The integrated probalility confined in the selected FoV is shown in the
last Aladin plane.

def draw string float( x, y, number ):

T

building command script for Aladin console:
"draw string ( x, y, number )", It is sent via
SAMP to Aladin console; the parameter num is a
float.

(|

“moort aladinSAMP

position = [ x, y ]

pesition = ' , '.join(map(str,position)) POINTING

£58, VI1/267/gwac,

Z=5y contour_ipix.ou
BB\ file://home/gic:

draw_string number = 'draw string’' + '( ' +
pesition +',"+stx(('% .le'
% number))+'%)

aladinSAMP.send script(draw_string number)
Zoom = CITIT:n +

T, Frarne: ICRS

-30

07:48:09.54 -34:52:12.0
180° x 180°

o

0 self 110208 sre  S9fpsf 172Mb E




FoV Seg‘uence

The FoV are evenly spaced assuming
that the shortest angular distance between two
points on the celestial sphere is measured along

a great circle that passes through both them

cos @ =sin 9, sin O, +c0s J, cos o, cos(a, —, )

The cardinal and intercardinal directions are
permitted to develop a FoV sequence from a

fixed FoV center.

At user option, the FoVs can be overlaid or

separated from their default positions.

Default sequence

N/NW/W/SW/S/SE/E/NE

Overlaid sequence




FoV airmass and eatalo g statistic

X‘X
o

Histogram of the apparent blue magnitude

11 12 13 14 15 16 17 18 19
Bmag

2015-09-18 21:00:00.000 ---
2015-09-18 22:00:00.000 ---

2015-09-18 23:00:00.000 ---

FOV centeris 4.24,

2015-09-19 00:00:00.000 ---

FOV center is 2.18.

2015-09-19 01:00:00.000 ---

FOV center is 1.53.

2015-09-19 02:00:00.000 ---

FOV centeris 1.25.

2015-09-19 03:00:00.000
FOV centeris 1.11.

2015-09-19 04:00:00.000
FOV center is 1.06.

2015-09-19 05:00:00.000
FOV center is 1.09.

> The airmass of the
> The airmass of the
> The airmass of the
> The airmass of the
---> The airmass of the
---> The airmass of the

---> The airmass of the

The Phyton shell shows the airmass in step
of one hours in each FoV.

If the GWGC is selected, the histogram of
the apparent magnitude is plotted for each
FoV. This can be useful to determine the
integration time of each image.




Future Developments

- Output to an html page
- HiPS - Hierarchical Progressive Survey

- Errors and Exceptions

- Countour plot




