
ABSTRACT 
Synthetic Source Injection for the LSST Kilonova Data Challenge  
Matthew P. Wiesner 
 
In summer 2021, our group began the Kilonova Data Challenge (KDC) during the 
Visiting Faculty Program at Fermilab. This was a project to add simulated kilonovae 
(optical emission from neutron star collisions) to the Legacy Survey of Space and Time 
Dark Energy Science Collaboration (LSST-DESC) second data challenge (DC2). (DESC is 
one of the science collaborations associated with the Rubin Observatory.) This summer, 
we focused on synthetic source injection, adding simulated kilonovae directly to 
processed DC2 images in the Rubin Science Platform. We have also further analyzed the 
kilonova models and found that many of them would not be observable in LSST single 
exposure images. We plan to finish adding the kilonovae, download the catalogs and 
images and then make a conclusion about the number of kilonovae that would be 
observable in a small area of LSST.   
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Our group
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The Legacy Survey of Space and Time 
at the Vera C. Rubin Observatory

http://www.youtube.com/watch?v=h6QYjNjivDE


LSST
The Legacy Survey of Space and Time will be conducted by the 
Vera C. Rubin Observatory using the 8.4-meter Simonyi 
Survey Telescope. The Rubin Observatory is nearing 
completion on Cerro Pachón in Chile.

  

RubinObs/NSF/AURA/L. Guy

http://www.youtube.com/watch?v=Tb7nfJrNnKQ


SITCom Update Photos

LSSTCam being tested at SLAC M1M3 Assembly Testing at summit



The DESC Second Data Challenge

•300 deg2 of data in all six bands u, g, r, i, 
z, y in WFD field
•1 deg2 in DDF
•Based on cosmological (N-body) 
simulation
•Realistic observing cadences over 10 
years, data processed by LSST pipelines
•Contains realistic galaxies, stars, 
supernovae, AGN, lensing





DP0.2
● DP0 is a release of DC2 images and catalogs processed with the LSST DM 

Stack. 
● DP0 is data served through the Rubin Science Platform (RSP) to test user 

access to Rubin data products and train users on use of the platform. 

https://www.lsst.org/scientists/early-science



What is a Kilonova?
•A kilonova is a cosmic event that occurs when two neutron stars or a neutron star and a black hole collide

•Search usually based on gravitational wave signals

•As standard sirens can constrain H0 (they can calibrate the distance-redshift relation)

•Luminosity between a nova and a supernova
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Hubble/STScI



The phase space of cosmic explosive and 
eruptive transients

Modified from Ivezic et al. 2008
Estimate -15.6 V-band absolute 
magnitude and 10 day light curve

hypernova
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The Idea:
Make a tiny version of DC2 images that are overpopulated 
with kilonovae. 

Do this for 1 square degree (about 21 of the 189 chips) 
centered around (59.65688129, -36.75083078).

Add point sources that follow light curves and SEDs as 
expected for a kilonova.

Initially we planned to do this by rerunning the simulations 
using PhoSim.

We had to choose sequential observations.

This summer, we are doing this with synthetic source 
injection.

15



This was finished in 2022

1185205

1190718
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What we did before:
- We previously developed the tools necessary to simulate kilonovae using 

DC2.
- Build code to produce kilonova SEDs that evolve with time following 

Kasen kilonova models 
(https://github.com/dnkasen/Kasen_Kilonova_Models_2017).

- Predict magnitude as a function of time to produce lightcurves. 
- Develop method to choose host galaxies.
- Repository: https://github.com/mpwiesner/KDC
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Sequential simulated images of 
a kilonova produced by PhoSim.

https://github.com/mpwiesner/KDC


SEDs
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A single kilonova 
SED for z =0.0099 
(early attempt). Evolution of the SEDs with time, 

plotted against DES filters. 



Validation
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The figure on the right is Figure 5 from Kasen et al (2017) 
(https://arxiv.org/pdf/1710.05463.pdf) where he shows how he 
uses two models to reproduce spectrum of GW170817. On the left 
is our reproduction of it.

This is a light curve for GW170817 
predicted by our code (top) and the 
light curve of this object measured 
by DES.



The Pan-STARRS galaxies



The galaxies in DP0



Histogram of DP0 galaxy redshifts



Summary and Outline

● Background information
● What is the Kilonova Data Challenge?
● What has been done previously on this project?
● What was done this summer?
● What are the final steps?

24



i=blue
r=red
g=green
u=black

Only 9 
are 
observ- 
able

Line is 
for 
i-band





Exploring the Kasen kilonova models

A larger ejecta mass produces a brighter and 
longer-lasting kilonova; a higher velocity gives a 
brighter and briefer kilonova. Lower lanthanide 
fraction is associated with brighter kilonova.

Mass continually increases from 0.001 to 0.1 
Msun. 

Velocity cycles from 0.03c to 0.3c.

Lanthanide fraction cycles from 0.01 to 1x10-9.

For each 30 systems with 1 mass, lanthanide 
fraction goes from high to low, then there is a 
higher velocity, repeat lanthanide fraction cycle.

First system is lowest mass, lowest velocity, 
highest Xlan. 

Last system is highest mass, highest velocity, 
lowest Xlan. 



We took each of the 329 
Kasen kilonova models 
and made light curves for 
each

We then determined how 
many would be observable 
by LSST at several 
redshifts (starting at 
0.0099) in 4 different 
bands (u=23.8, g=24.5, 
r=24.03, i=23.41)



Synthetic Source Injection
● Using a Jupyter notebook written for DP0.1 

by Jeff Carlin, I have been working on 
modifying it to take in positions and 
magnitudes for our simulated kilonovae.  

● I will do this for a series of visits 0.05, 1.05, 
5.05, 6.85 and 8.85 days past the kilonova. 

● I will download the catalog of objects and the 
images themselves.

● I can access catalogs of all objects in this 
area also (I have been using DP0.2 data 
access through Topcat). 

A plot from the notebook 
showing how many 

injected objects overlap 
with the current detector.



Here we show a series of 
point sources of varying 
magnitudes injected into a 
DC2 calibrated exposure

With 
magnitude 
15 star

Without



Magnitude errors for point sources



Magnitude errors
Replaced the bright magnitudes with 
the kilonova magnitudes.

This suggests that only 10% (2) of 
the input kilonovae are observable in 
LSST single exposure images. 



Contributions to delegate notebooks: 
view_mosaic
Galaxy_viewer displays multiple 
calexps, a single coadd or a cutout Mosaic shows multiple chips as a 

mosaic
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Final steps
● Report in the CSS and TD Working Groups in DESC.
● What are all the transients in the 1 square degree region of 

interest?
● Of the 9 visible kilonovae, would all of them be detected by 

difference imaging?
● Could they be differentiated from the supernovae?
● Make the images and catalogs available, possibly in a DP0 

delegate-contributed notebook.
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