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Exploring the Transient Universe with the Roman Space Telescope Conference



Kilonovae are always bright in IR

Simcoe et al. 2019, data from Kasen et al. 2017
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Landscape of EMGW observations
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WINTER is coming!
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WINTER
Poster by Danielle Frostig
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1.19 x 1.2 sq. deg FOV Y, J, shortened H filters1-meter telescope

On-sky Spring 2022, J-band all-sky survey to 21 mag

Novel InGaAs sensors

Lourie et al. 2021



EMGW simulations with WINTER
arxiv : 2110.01622

with D. Frostig, S. Biscoveannu, G. Mo et al.



End-to-end simulation study

Simulate BNS 
mergers in the 

universe

Generate LVK 
skymaps

Optimal tiling 
with WINTER

Simulate expected 
electromagnetic 

emission
1 year of simulated BNS trigger 
followup during O4
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Simulation results
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Even with a 1 sq. deg FOV, WINTER can efficiently tile localization 
areas and discover kilonovae!



Advantages of NIR
Off-axis, red BNS mergers are detectable to much larger distances
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~ 25% of LIGO detected BNS mergers are “off-axis”



Advantages of NIR
BNS mergers are 2x longer lived in the NIR
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NSBH mergers are even redder!



Takeaways from WINTER simulation

• 1 sq. deg NIR telescope can tile O4 localizations and discover kilonovae


• NIR searches have ~2x longer to search for kilonovae than optical searches


• NIR searches are especially crucial to search for red, off-axis BNS mergers 
(1/4 of all BNS mergers) and all NSBH mergers.



Looking forward

• Improved GW detectors! • New wide-field NIR telescopes!


   DREAMS at Siding Springs


   Cryoscope at Palomar


   Roman!

NSBH target sensitivities ~600 Mpc

BNS 
sensitivities

LIGO LRR

Image credit : NASA



Roman era
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Roman era will have 4

active GW detectors. 


We expect several (tens) 

events localized to areas 

better than 10 sq. deg
Abbott et al. 2020b, Petrov et al. 2021

Roman

WINTER +DREAMS

Cryoscope



Advantages of Roman
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Rubin-like Roman
r-band 

mlim = 25 mag

J-band 

mlim = 25 mag

BNS mergers



Summary

• WINTER simulation shows it is possible to discover kilonovae with ~1 sq. deg. 
NIR telescopes during LIGO O4.


• In LIGO O5+, NIR observations will be especially crucial to map out the phase 
space of distant BNS and NSBH mergers.


• In the Roman era, the GW localizations are predicted to be small enough that 
they can be tiled with a few Roman-pointings.


• Roman promises to be a pioneering telescope to increase our understanding 
of the fireworks accompanying gravitational waves !



Backup



Backup
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Skymap comparisons
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WINTER team
• WINTER @ Caltech
◦ Mansi Kasliwal (Co-I) 

◦ Robert Stein (Postdoc) 

◦ Viraj Karambelkar (PhD Student) 

◦ Nicolae Ganciu (Observatory Staff) 

◦ John W. Baker (Observatory Staff) 

◦ Rick Burruss (Observatory Staff) 

◦ Jeffry Zolkower (Observatory Staff) 

• WINTER @ MIT  
◦ Rob Simcoe (Co-I) 

◦ Gabor Furesz (Principal Research Scientist) 

◦ Nate Lourie (Project Scientist) 

◦ Erik Hinrichsen (Mechanical Engineer) 

◦ Drew Malonis (Electrical Engineer) 

◦ Kishalay De (Postdoc) 

◦ Kevin Burdge (Postdoc)  

◦ Danielle Frostig (PhD Student) 
 

• LIGO @ MIT  
◦ Salvo Vitale (Professor) 

◦ Erik Katsavounidis (Senior Research Scientist) 

◦ Hsin-Yu Chen (Postdoc) 

◦ Sylvia Biscoveanu (PhD Student) 

◦ Geoffrey Mo (PhD Student)
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2. LVK search + skymaps

• Events searched with PyCBC-Live


• Four detectors with noise and sensitivities from latest observing scenarios 
paper


• TaylorF2 model template bank


• SNR > 9 : criterion for detection


• Low latency skymaps with Bayestar ~ O(10 seconds)


• Medium latency skymaps with bilby ~ O (few hours)
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4. Lightcurves

• Many kilonova models exist in literature


• Need to know how much mass is ejected during the merger

m1, m2 Mejdyn, Mejwind, vej

Fitting formulae to NR 
simulations

Anand et al. 2020, Coughlin et al. 2019, Dietrich et al. 2020

Graphic credit : GRANDMA collaborationGraphic credit : NASA
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4. Lightcurves
Models

Graphic credit : D. Frostig

Bulla et al. 2019


•Realistic geometry

•No control on composition

Kasen et al. 2017


•Spherically symmetric

•Detailed microphysics 
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Observing strategies
What exposure times to use?
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Area searchable with WINTER [deg2]
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J = 21 , fdet = 0.1

J = 20.5, fdet = 0.1

J = 19.5, fdet = 0.1
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