
Rapid Robotic Followup 
of 

Transients

Iair (“ya-eer”) Arcavi 
Tel Aviv University



Surveys of the Transient Sky are Flourishing
All-Sky Automated Search for Supernovae (ASAS-SN) 
Catalina Sky Survey (CSS) 
Catalina Real-Time Transient Survey (CRTS) 
Dark Energy Survey (DES) 
Evryscope 
Gaia 
Zwicky Transient Facility (ZTF) 
Kepler-2 (K2) 
Kilodegree Extremely Little Telescopes (KELT) 
La Silla Quest 
Optical Gravitation Lensing Experiment (OGLE) 
Panoramic Survey Telescope and Rapid Response System (Pan-STARRS) 
SkyMapper Southern Sky Survey 
(partial list, more being planned and built)

ZTF

ASAS-SN



The Phase Space of Transients is Being Filled
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Las Cumbres: A Network of Robotic Telescopes
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Las Cumbres: A Network of Robotic Telescopes
All telescopes are scheduled automatically every 15 minutes



What is Robotic Followup Good For?  
I: Supernova First Light 



We Don’t Understand Massive Stars & Their SNe

How do collapsing stars achieve explosion?

Birth of stellar 
mass BHs

Birth of NSs, 
magnetars

Creation of 
heavy 

elements

…

Progenitor conditions

Nuclear EOS

Neutrino physics MHD

…



Cao, Kasliwal, Arcavi et al. 2013

Rarely, We Can See the Star Before it Exploded



So far <20 direct progenitor 
detections, most for the same 

supernova type 

Early-time supernova observations 
can measure the radius, 

composition and mass loss 
history for hundreds of  

pre-explosion massive stars

Rarely, We Can See the Star Before it Exploded



Cooling Reveals the Progenitor Structure

Nakar & Piro 2014

Cooling

Ni Decay

Measure Early 
Light Curve

Infer Inner 
Structure of 
Progenitor Star 
Right Before 
Explosion



Observing the first SN photons is challenging

Need to find supernovae within hours of the explosion 

Need to identify them in real-time 

Need to trigger multi-wavelength followup observations 
immediately 

Need to obtain observations continuously for the first 
hours-days after discovery
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Unprecedented Coverage of Cooling Emission

Arcavi et al. 2017a
Piro, Muhleisen, Arcavi et al. 2017



What is Robotic Followup Good For? 
II: Rapidly Evolving Events 



Rise Time ~> Mass Ejected in Explosion

time to peak luminosity 



Fast & Luminous Can’t be Ni-Powered

Adapted from Arcavi et al. (2016)
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Fast & Luminous are Heterogeneous

Adapted from Arcavi et al. (2016)
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Luminous Rapidly Evolving Events

Adapted from Arcavi et al. (2016)
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Fastest ‘Bright’ Transient: The GW170817 Kilonova
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Compilation from:  
Arcavi 2018


Data from:

Andreoni et al. 2017, 

Arcavi et al. 2017, 

Cowperthwaite et al. 
2017, 

Coulter et al. 2017, 

Diaz et al. 2017, 

Drout et al. 2017, 

Evans et al. 2017, 

Hu et al. 2017,

Kasliwal et al. 2017, 

Lipunov et al. 2017,  

Pian et al. 2017, 

Pozanenko et al. 2017,

Shapee et al. 2017, 

Smartt et al. 2017, 

Tanvir et al. 2017, 

Troja et al. 2017, 

Utsumi et al. 2017, 

Valenti et al. 2017.


Retrieved via: 
kilonovae.space



Different ejecta 
components constrain 
different physics.

NS Radius
Mass Ratio

Merger Product
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Data from Las Cumbres 
Observatory identifies the peak 
thanks to sub-day cadence!

Sub-Day Cadence Critical for Constraining Models
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Sub-Day Cadence Critical for Constraining Models



http://treasuremap.space

http://treasuremap.space/alerts?graceids=S190425z


What is Robotic Followup Good For? 
III: Long-Term Monitoring 



iPTF14hls: “The Star That Wouldn’t Die”

Last  
non-det 
is 140d 
before 
discovery

At least 5 peaks

Arcavi et al. 2017b, Nature



SN 1999em 
(typical IIP)

iPTF14hls



Early Emission from Supernovae: Constrains the 
progenitor star (radius, internal structure, mass loss 
history…). 

Rapidly Evolving Events & Rare Long-Lived 
Supernovae: Teach us about non-standard supernova 
power mechanisms.  

Kilonovae: Reveal nuclear physics, extreme gravity, 
accretion, cosmology…   

All of these science cases (and many more!) rely on 
robotic dynamical observing for (1) rapid response, (2) 
continuous and (3) long-term regular monitoring. 

Summary - Global Robotic Followup → Science


