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Hotwired IV Mission -

\‘7

* Discover and understand time-domain astrophysics

* Interdisciplinary science & engineering
* From solar system to cosmological distances
* All bandpasses; multi-messenger
* Maximize the science return
 Efficient scheduling
* Cutting-edge data science
* Optimize observing campaigns
* Both survey & follow-up
* (Coordinate resources, policies, funding, infrastructure

Los Alamos

NATIONAL LABORATORY
EST.1943
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...In 20 minutes!

* The coming transient “deluge”:

* Increasing volume
* Increasing variety

* Handling the deluge:
* Disseminating alerts
* Filtering and understanding
* (Co-ordinating follow-up
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Wide-field optical instrumentation b

Bright (<17 Mag) SNe Discoveries http://www.astronomy.ohio-state.edu/~assassin/

DESERT J

Hotwired/Devillepoix FIREBALL NETWORK

May 1, 2014- Apr. 30, 2015

119

Hotwired/
Shappee/
Elphick

http://fireballsinthesky.com.au/


http://fireballsinthesky.com.au/

Radio transients

JVLA/Hotwired/Law

SKA/Hotwired/Law

Raw data rate from fast transient
searches at JVLA is today comparable

Optical/High-energy

Radio

to the rate expected from LSST in

2022...

... but the event rate is modest. No

Method Imaging Lightcurve, Imaging
False +ve origin Sky subtraction RFI
Event rate (Over)abundant Low
Signal diversity Moderate High

fast radio bursts detected as yet.
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aia: alerts on the web today s>

Scan coverage at HEALPix level 8 on 07 May 2015 1 1
Je at HEALPix level 8 on ( Rixon/Hotwired
i - - .
\F RA Dec. Historic Historic
Name Observed (deg.) (deg.) Magnitude mag. scatter Class Published Comment
Gasa15ae0 2015-04-13 6542600 3405784 1817 unknown  2015-04-24 New source aka CSS090403:042142+
18:13:43 1334:34 cv
Gaa15sen 2015-04-13 9963035 -2286799 17.11 unknown  2015-04-23 Hostless blue transient at galactic kati
110753 220552
Gaal15eem 2015-03-25 22612814 2198797 1848 unknown  2015-04-23 new source at G-18.5 near the centre
08:.01: 3 183140 Qalaxy
GaaiSeel 2015-03-30 20334546 5872538 17.27 unknown  2015-04-10 new source near SOSS galaxy, aka
09:1225 1820041 CS5150325:133323+ 584331
Gaal5eek 2015-03-30 101.76123 6493435 17.73 SN WP 2015-04-05 bright biue new source 7 arcsec from
02:2603 25707
" Gaal5ae] 2015-03-28 27514162 5091538 1866 unknown  2015-04-05 blue new source 5 arcsec from LEDA
1 10 100 200 03:28:40 2290:27
No of scans/HEALPwx (log scale) i ’
GaalSael  2015-03-28 5035316 1114574 183 UNknNown 20150405 new source next to large LEDA galax)
19:02-36 21:01:00

18.06 unknown  2015-04-04 biue brightening on SDSS star - CV ¢
2205:04 CSS110623:033711-065058
Gaia1 sacx 18.95 unknown :?15!;—0-2;04 new source 5 arcsec from a galaxy
po 1858 unkmown  2015-04-03 new blue source about 15 arcsec fron
Lightcurve - GalalSacx = 15:55:37
mm o : Provious - 2 3 4
Dec (deg)
45 00483 = .
Ihan date 1700
2057001 .28
Coserved S . . .
L. 0 6205 « Survey limit: all stars g=20.5;
17”2 3 A
e F o transients g~19
trm 5
Cuse 0 | * Spectra, VOEvents coming
;.muwuwwu March 18, 2015, 800 pm Summer 201 5
m;m'“'““’” G o 057092.50 245709500  2457097.50  IMSTI0000  2457102.50 245710500
Comments Date
o PENOBSUIAD +ASSSI43, ATEL #7222 ~ —

http://gsaweb.ast.cam.ac.uk/alerts/alertsindex
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http://gsaweb.ast.cam.ac.uk/alerts/alertsindex

March of the mega-surveys

10°— —017) T —
ATLAS (2x) STE Adapted from
BlackGem (20x) pca Hotwired talk by
CRTS 2-CSS )0 Bellm
(2009) (2022)
1 [~ -
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SkyMapper Pl ssT 100
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Q _
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(@)
1
% HDI
T Wi MOSAIC |
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March of the mega-surveys b

~

LSST

DECam Figures from Hotwired talk by Bellm

ZTF

PS1 -y
é‘ 10°
ATLAS <
Vi
BlackGEM-4 E 10° —— ZTF
B PS1
CRTS-2 ‘8' , e CRTS-2
£ 10° - —— DECam
PTF 4 x 10* events/night g — ATuAS
'8 —
CRTS 2 10° - —— Evryscope
2
. ) . o]
107 108 10° § 10° -
Survey Volume, 1 hr. cadence (Mpc®, M, =-19) § 3.5m 8-10 m ELT
10‘ 1 1 L 1 ]
14 16 18 20 22 24

Observed Magnitude s

“Rate of discovery outpacing follow-up resources, long before LSST comes online”
— Law
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> ) W 4
http://www.phys.ufl.edu/~bernard/IREU2008/images/largeimages
Virgo0.jpg

First Advanced LIGO science data late
2015/early 2016

Alerts available with MoU only

/

30°
150 /. . S SN . N\ N\ o) - :

o 05607 —30° 0 60° “ho0’Y 120° 150 Elaborate mfrastruc_:ture available to help
L R T S O A N A S , EQK ””” N0 follow-up observations, e.g.

* Probability maps

N * Followup footprint server

,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,,

« (Catalogues of likely sources

—75°

LIGO event localization, Singer et al (2014) * Light curve archives
* Information about EM followup compiled on
LIGO servers
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Dissemination
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vent tutorial

® ® Notes on VOEvent — Notes...

& & voevent.readthedocs.org/on

# Notes on VOEvent

What is a VOEvent and why would |

want one?

Finding and installing useful tools
A look inside a VOEvent
Manipulating VOEvents in code
Subscribing to VOEvent streams
Distributing VOEvents

Future challenges

Bibliography

& Read the Docs

B~ ¢ Q Search wBE § A

Docs » Notes on VOEvent O Edit on GitHub

Notes on VOEvent

VOEvent is the International Virtual Observatory Alliance (IVOA) recommended
mechanism for describing astronomical transients. Specifically, the VOEvent
standard (Seaman, 2011)

defines the content and meaning of a standard information packet for
representing, transmitting, publishing and archiving information about a
transient celestial event, with the implication that timely follow-up is of
interest.

This document provides an introduction to working with VOEvents. It is not

normative; rather, it represents the authors’ own particular biases and experiences.

This material is intended to accompany the "VOEvent Hands-On Session”
presented at Hot-Wiring the Transient Universe |V (henceforth "Hotwired 47) in
May 2015; we hope, though, that it will prove generally useful.

We assume a working knowledge of Python.

e What is a VOEvent and why would | want one?
The transient deluge
The VOEvent standard

~ . ' . N

http://voevent.readthedocs.org/



http://voevent.readthedocs.org/

NASA GCN

missionops { specialized processing GCN processing i customer

TDRSS : _
whitesands swift_tdrss_receiver
ISDC l lert receiver :
- Lbas fn rece A gcnmain
Fermi : Jermi . :
MOCs — fermi_receiver
AGILE

pieppos NOO
world

Runs on a LINUX PC DualCore 2.4 GHz,
4 GB RAM, Router, and an UPS.

Hotwired/
Barthelmy

- Sitill the “gold standard” in terms of established, automated event distribution networks

 Expanding beyond the traditional high-energy space missions
* To be used for distributing LIGO alerts
* Actively soliciting new contributors

* GCN acts as a trusted broker for event distribution
* Event authenticity, private networks
* Contrast with the distributed model existing VTP networks use; is this the future?
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Skywatch

'( ékyWatch
SWIFT

Fermi
INTEGRAL

KONUS

SkyWatch Beta v0.1.1 - Change Log

Fermi Real Time Feed

 instrument found a transient.

Portfeolio 1D 448657339445

A heads-up alert that the Fermi-GBM
instrument found a transient

14065 15 5 sacon

Oraoio V. 84500 S

A heads-up alert that the Fermi-GBM
instrument found a transient

Portfolio ID; 44805733

A heads-up alert that the Fermi-GBM
instrument found a transient

A4ARRRT7 32

ReB00 33

A heads-up alert that the Fermi-GBM
instrument found a transient

Portfolio ID; 448657339445

A heads-up alert that the Fermi-GBM
instrument found a transient

Aladin View of 448657339445

& Back to Portfolio

20 43 43.114 +30 41 52.65

FoV: 53.26"

2MAS§ colored

Profile = Feedback Logout

VY @ Reticle © HEALPix grid

http://skywatch.co/

Hotwired/
Jagula


http://skywatch.co/

Understanding
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Clean the stream

Artefacts in difference images
* Bad alignment
* PSF convolution
» Streaks
* Bad gain matching
* Ghosts, halos

Can dominate over true sources Fiqures from Brink et al,, 2012

Two approaches
* Use smarter image differencing algorithms (e.g. talk by Rebbapragada)
» “Real-Bogus” classification of transient candidates (e.g. talk by Bue)

Investment in both of these approaches likely will be necessary to minimize
contamination of the LSST stream



DESAlert -

e i . Hotwired/
bitncibecscecnd o200 100 Schamadnstance
e e Kuehn
DEO At IVEE DL VLI wa i U il e O (L OO VLR SRl il
role="obsernvaton” om="ho Unasa
Form@GBM_Fin_P0s2013.08-21T16:10:28.01 1_0407">
mmtvmww
- mwuwmi
Listen e

Objects">
<Description> Positions of e rearest star and nearest galary,

Receive VOEvent
Parse

trivialAccess Query of DESDB

Select/Create Data Products

Finder Charts DESAlert Web Update

0= | http://aao.gov.au/desalert
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ANTARES g

Arizona-
NOAO
Temporal

.. |Analysis and

A

ALERT GENERATORS: Difference Imaging, Real/Bogus & Moving Object Assessment

msior tees | IResponse to
,l' Characterization Brokers p

Ranking

Distribution

Events
System

Under construction now

[

l

i q
| \
1

|
‘.Classification[ Downstream

| Distribution Brokers

\
\\
\\
\

* Development continues through 2016

Investigators

/ Manually * EXxpecting to target live alert streams in 2017
Robotic Triggered
Telescopes Followu e peiaa . . .
i Observing « Soliciting contributions from the community

* Describe your favourite transient

Hotwired/Naranyan
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...Is there really an issue? b

* LSST will alert on any significant =

change detected in a difference

image A E e

 The number of true variables in
the sky is finite

1E3 A

* The number of new variables in
the LSST “deluge” will rapidly
become quite modest

New Variables per Day

1E2

1E1

Elapsed Survey Time (years)

Ridgway/Hotwired

“The alert rate on new discoveries will drop quickly to ~few x 1000 per night.”
Ridgway
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Acting
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Real-world problems

1. Communicating discoveries
. ATEL .
« Web pages &

2. Sharing information in real time
» Scheduling resources e.g. I’'m going to observe this tonight
» Here’s the redshift, type, and spectrum
* Here are the light curve points in all wavelengths
» Social media type interactions

3. lterating the above (based on latest LC point and redshift, this object is...)

4. Automated telescope triggering
5. Naming schemes

« Name server?
» Specific to event subtypes?

IVOA INTEROPERABILITY MEETING  SEXTEN/SESTO, ITALY ¢ JUNE 2015




Supernova Exchange

Faworte | Vew object

Hore

SN2014ad snicsl ..o
Known ok Object Comments
" 3k &8 SV Liut corvim s s ¥ ange Matst eL P Cone gRary 30T U ke boe U
f (Wi e
1ol N3 recens cata Tywg 13 B K D W vItONE
fq“,’;ﬂ/w—w.“z:n- Moud we ol low
Aown o 5 2 " a

ﬁ...... :
Tve tats

Latest LCOGT images

Calbrated Photometry

Scence nteresty ——
) "
t v
¢ N,
. ¢
* \'c t tp! .
. F o
i,
\ .-.‘ .I.‘ .. 0
L N N * l‘ i | i
o, L

Current Visibilny at LOOGT

Spectroscopy

Arcavi/Howell/Hotwired

Home | Object List | Scheduling | Dataflow | Floyds Inbox | View object:

Scheduling

~) Show reminders for the PESSTO program (will refresh page when clicked)

Pending Requests

1m Usage: [ I 2m Usage: [T "IN

Logged in as iair

Target Type Cadence Program Priority Instrument Exposures Start End  Reminder Tags & Comments
Expired/Current Reminders for Active Requests
Target Type Cadence Program Priority Instrument Exposures Start End Reminder Tags & Comments
(CS5141223 Spec Onetime  KEY2014A-003 normal Floyds 1x3600s 2015-05-08 2015-05-13  2015-05-13  Tags: SLSNe
CSS5141223-11... 15:40:09 15:40:09 16:01:42
PS15ae by mnicholl by mnicholl
Rest (z = 0.11) Wavelength (A) 1.0 Don't Show Anymore
3604 4505 5405 6306 7207 8108 [reset]
[Auto Zoom] 1.5
[Full Zoom]
20
L«WM’\——\___...MJ =
3.0
4000 5000 6000 7000 8000 9000 -10 5 0 5 10 15
Observed Wavelength (A) Hours From Now
CSS141118:09... Spec  15d KEY2014A-003 normal Floyds 1x3600s 2015-02-13 Ongoing 2015-05-13  Tags: Peculiar SNe
iPTF14hls 03:22:44 16:17:21
by iair
Rest (z = 0.036) Wavelength (A) 1.0 Stop Sequence
3861 4826 5792 6757 7722 8687 [reset]
[Auto Zoom] 15 \ N
[Full Zoom] Continue Sequence As-Is
2.0
‘ and display new reminder in
25
e S L, W J
» 'oﬁc 000 6000 7000 8000 49000 0 0 0 10 1
4 5 -1 5 5 5 :
Observed Wavelength (A) Hours From Now Modify Sequence
ASASSN-14ko  Phot  10d KEY2014A-003 normal Sinistro B2x200s  2015-02-17 Ongoing 2015-05-13  Tags: Well Sampled SNe lin
V 2x120s 17:33:32 17:02:54
£ 2x200s by iair
r 2x120s
i2x120s
145 P [reset] | 519 1.0 reset] Stop Sequence
15 0 i 214 1.5
15.5 H [ 209 \ Continue Sequence As-Is
LifS o3 o0 20 = =
16 ) i * 3 i ! -20.4 and display new reminder in
165 H ¢ ° ey 199 25
17 -19.4 3.0
150 100 50 0 -10 5 0 5 10 15

Days Ago Hours From Now

Modify Sequence




Final thoughts
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Opﬂcdl and Infrared
Astronomy System

" %

Elmegreen et al

S

CONCLUSION: Plans for coordination and
communication of transient events are currently
inadequate.

CONCLUSION: Coordination is required to
maximize the scientific yield from transients in the
LSST era. There is a need for dedicated telescopes
and instruments, a system of telescopes, and
software to respond efficiently to transients.

RECOMMENDATION: The National Science
Foundation should help to support the
development of event brokers, which should use
standard formats and protocols, to maximize LSST
transient survey follow-up work.



Extra slides
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What is a broker? S

* A tool for distributing VOEvents?

* (Or whatever your alert format of choice is)
« Comet, Dakota, etc

* A machine learning/classification system?
- ANTARES
o Afilter?

e LSST “minimal broker”

* A forum for user-driven commenting on and follow-up of

transients?
 (Gaia Marshall

 All of the above?
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Scheduling S

* Essential for efficient follow-up

» Staley discussed Bayesian decision theory as a basis for
scheduling observations

« Saunders discussion of the scheduler for LCOGT

« “Beliefs which are wrong: an easy-to-state problem has an easy
solution”

* There are formal approaches, largely from outside astronomy, which
can be adopted to make the problem tractable — convert your
astronomy specific goals to an integer programming problem

* Where does the control reside?



