
A kilonova occurs when two neutron stars merge into each other. The neutron-rich ejecta 
from the merger undergoes a rapid (r-process) nucleosynthesis which leads to formation of 
heavy elements such as gold. The origins of these elements has yet been a mystery in the 
universe and these events are believed to be their progenitors. Short duration Gamma-ray 
bursts (sGRBs) are thought to be caused by this merger along with the gravitational waves. 
James Webb Space Telescope (JWST) is equipped with Near Infrared Camera (NIRCam) and 
Mid Infrared (MIRI), which can be used to get crucial information on kilonova and the 
synthesis of heavy elements. 
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Calculation Plan:
Redshifts: 0.01 (43.4 Mpc), 0.05 (223.7 Mpc), 0.1 (220.5 Mpc)
Kilonova Temperature: 5000K (1day), 3000K(5days), 1500K (11days)

Calculation Setup:
3 Redshifts x 3 Epochs ( 3 Effective Temperature) x 2 Host Galaxies = 18 
Calculations
Expected Signal-to-Noise Ratio (SNR) = 20

JWST Observing Modes:
MIRI (IMAGING),  NIRcam (LW_IMAGING and SW_IMAGING)

Host Galaxies Galaxy 1 Galaxy 2

Redshift 0.226 0.1606

Sersic Index 5.6 1

Galactic Extinction 
(magnitudes)

0.037 0.045

Surface Brightness
(abmag)

23.5 21.2

Exposure Time Vs. JWST Bands 

Observation of the Kilonova at different epochs and redshifts in Galaxy 2 with a required exposure time for SNR = 20 

Figure2: A 2D Signal-to-Noise Ratio observed for a 
Kilonova at T= 1500 and Z = 0.05 (MIRI Imaging, F2550W)

Figure1: Change in the normalization of brightness in k-band 
according to calculation setup Figure3: Comparison of the kilonova source spectrum at different epochs

The exposure time is  shorter for the NIRcam filters until a week from the merger but after 
that it increases rapidly. However, exposure times for MIRI filters are longer until a week 
but is shorter than NIRcam after that.

The  nearby mergers can be observed with low exposure times for a longer period of time 
than the farther ones.

Future Work is needed to explore large scale parameters for both kilonova and host 
galaxies to create an optimal observing strategy.

Introduction

The launch of James Webb Space Telescope is scheduled for 
2021 by NASA. However, observation strategies can be 
created using the published data/models for the kilonova 
mergers. We will use the published data/models for these 
mergers from previous observations in the JWST Exposure 
Time Calculator (ETC) tool which can calculate exposure times 
for specific configurations. These calculations for various 
models can be used to create optimal observation strategy 
for kilonova mergers.

T= 3000k (5days) T= 1500k (11days)T= 5000k (1day)
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Create a probability distribution for different Kilonova Properties 
(temperature, velocity, ejecta mass, ejecta temperature)

Use the probability distributions to synthesize the simulated 
spectra/population of kilonovae and host galaxies.

Create a probability distribution for different host galaxy properties 
(redshift, morphology, extinction, brightness) 

Use these synthesized scenes in JWST Exposure Time Calculator (ETC) tool 
for specific observation configuration to achieve a required SNR.
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