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gLSNe science

1) Tests of standard model of cosmology and beyond

n Time-delay cosmography: H0 + Dark Energy

n Galaxy mass distribution and small scale substructures: 
tests of CDM, incl. density of compact objects 

2) Observations through Gravitational telescopes

n Spectroscopic scrutiny of high-z SNIa “standard candles” 

n Window to the highest redshift SNe, a window to the first 
generation of core-collapse and pair-instability SNe
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Why Roman?
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Goobar et al 02 (SNAP satellite forecast!)

• Survey area
• Cadence
• Depth
• NIR sensitivity
• Spatial resolution
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+  synergies/complementarity with 
shallower/wider LSST survey



Key points: 
time-delay cosmography

n Precise time delay between SN images

n Precise SN image positions

n Deep images of host galaxy for lens modeling

n Deep images of lens + surroundings to infer structures 
in the line-of-sight

n Stellar velocity dispersion in lensing galaxy can be 
obtained from supporting observations 
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Key points: 
time-delay cosmography

n Precise time delay between SN images

n Precise SN image positions

n Deep images of host galaxy for lens modeling

n Deep images of lens + surroundings to infer structures 
in the line-of-sight

n Accurate redshifts and stellar velocity dispersion in 
lensing galaxy can be obtained from supporting 
observations 
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Key points: 
Galaxy mass profile
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Mörtsell et al 2020

n Galaxy central profiles (core/cusp) is an important 
diagnostic for the nature of DM 

n Lens  model limiting factor in QSO time-delay cosmography 



Key points: 
small-scale substructures (I)

n Precise magnification measurements possible for SNIa, 
can be used to test lens model assumptions
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Goldstein, Nugent & Goobar 2019

Expected magnification 
from smooth galaxy 
lens



Key points: 
small-scale substructures (II)

n Precise magnification measurements for SNIa,         
can be used to test lens model assumptions

n Anomalous flux ratios between images indicate 
secondary - lower mass- lenses (micro or millilensing)
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Goobar et al 
2017

Anomalous 
flux ratio



Key points:
extinction corrections
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Dhawan et al 2020



Key points: GT’s
verifying accuracy of SNIa
as distance indicators
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Unlensed at z=1.5 (6 hs HST)

Rodney et al 2012



Key points: GT’s
verifying accuracy of SNIa
as distance indicators
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Unlensed at z=1.5 (6 hs HST) Petrushevska+17

Rodney et al 2012 Shown to have similar matches in the low-z 
universe.  ”Standard candle” nature OK – at 
least in this case! 

”poster child” 
SNIa in M101

9 Gyr
old SN



Key points: GT’s
First generation of supernovae may be 
detected with lensing magnification

0 200 400 600 800 1000
time (days)

36

34

32

30

28

26

24

J-
ba

nd
 A

B 
m

ag
ni

tu
de

z = 7  
z = 10 
z = 11 
z = 12 
z = 13 
z = 14 

Courtesy of Dan Whalen

13

With lensing z~15 
within reach!



Summary

n Cadenced observations with Roman are arguably the 
best strategy to find and study lensed SNe. 

n The science is rich, involves many hot topics in 
cosmology and astrophysics

n ESA led effort in this direction?
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Thank You



gLSNe: science potential
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1) Tests of standard model of cosmology and beyond

n Time-delay cosmography: H0 + Dark Energy

n Small scale substructures: tests of CDM + compact 
objects 

2) Observations through Gravitational telescopes

n Spectroscopic scrutiny of high-z SNIa “standard candles” 

n Window to the highest redshift SNe, a window to the first 
generation of core-collapse and pair-instability SNe



Key points: 
First generation of supernovae may be 
detected with lensing magnification
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With lensing z~15 
within reach!

Oguri 2019



Roman specs
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