Gravitationally Lensed Supernovae
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gLSNe science

1) Tests of standard model of cosmology and beyond
m Time-delay cosmography: Hy + Dark Energy

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

2) Observations through Gravitational telescopes
m Spectroscopic scrutiny of high-z SNIa “standard candles”

m 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?

+ synergies/complementarity with
shallower/wider LSST survey
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g"; Key points:
Crcen Kloe., time-delay cosmography
0 Pcreenéir;e time delay between SN images
m Precise SN image positions
m Deep images of host galaxy for lens modeling

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

“undisturbed” 1 , ”
view of host + C eag VIEW O
lens transient SN

HST images of

iPTF16geu =

Dhawan et

al 2020

2016 2018 Difference



gﬁ Key points:
Créean Kloe., time-delay cosmography

centre

m Precise time delay between SN images
m Precise SN image positions
m Deep images of host galaxy for lens modeling

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

m Accurate redshifts and stellar velocity dispersion in
lensing galaxy can be obtained from supporting
observations

HST images of
iPTF16geu

Dhawan et
al 2020

2016 2018 Difference
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. Key points:
Cnéar K¥een Galaxy mass profile

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

m Lens model limiting factor in QSO time-delay cosmography
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gﬁ Key points:
Créear lee.. SMall-scale substructures (1)
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m Precise magnification measurements possible for SNIa,
can be used to test lens model assumptions

5 4 iPTF16geu

Expected magnification
from smooth galaxy
lens

Total Magnification [mag]
w
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Zs Goldstein, Nugent & Goobar 2019



gﬁ Key points:
Créear lee.. SMall-scale substructures (11)

centre

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

m Anomalous flux ratios between images indicate
secondary - lower mass- lenses (micro or millilensing)

F814W, HST/WFC3

Anomalous
flux ratio

Goobar et al
2017
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Figure 6. (Left) The observed colour excess for the resolved images in each filter relative to F814W plus the model absorption in the
F814W filter compared to the best fit model absorption in each filter assuming the CCM89 dust law. The absorption from the host galaxy
dust is plotted in black. For Image 1 we can see that the host galaxy is the dominant source of extinction, and for images 2,3,4 there
is a progressively larger contribution from the dust in the lens galaxy. (Right) magnification distribution for the individual images for
the fiducial case of host and lens Ry fixed to 2 compared to the predictions from the model assuming the lens to be a single isothermal
ellipsoid (dashed-dotted lines; see Mortsell et al in prep for details. The model prediction for u of Image 2 has been shifted down by 0.5
so that it can be distinguished from the value for Image 3).



& Key points: GT's
ceTnn Verifying accuracy of SNIa
as distance indicators

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

Petrushevska+17
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universe. ”Standard candle” nature OK — at
least in this case!
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G Key points: GT's
w First generation of supernovae may be
CHhl e fCFeoe., detected with lensing magnification
centre
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Summary

Cadenced observations with Roman are arguably the -
' _best-ﬁstrategy to find ahd 'study Ie,ns'ed SNe.

The scierice is rich, mvolves many hot toplcs in
cosmology and astrophyS|cs -

o

'ESA Ied_ effort in th|s dlrectlon? . -

Nancy Grace Roman Space Telescope
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The scierice is rich, mvolves many hot toplcs in
cosmology and astrophyS|cs -

Thank You

Nancy Grace Roman Space Telescope




7 LSNe: science potential
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Tes*s of standard model of cosmology and beyond

Time-delay cosmography Ho + Dark Energy

HuL b:amall scale substructures *tests of CDM + compact
obJects ' .

Observat:ons through Grawtatlonal telescopes
Spectroscoplc scrutlny of h/gh -7 SNIa standard candles

,o-:the hlghest redshlft SNe 5 wmdow to the first
‘"n;yof core- coIIapse and mlr |nstab|I|ty SNe

Nancy Grace Roman Space Telescope
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Roman Space Telescope Imaging Capabilities
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Telescope Aperture Field of View Pixel Scale Wavelength Range
(2.4 meter) (45'x23’; 0.28 sq deg) (0.11 arcsec) (0.5-2.3 ym)
D Fos2  Fos7  Fl06  F120  F158  F184  F213  W146

VWEVEIClalo i R7[) B 0.48-0.76 0.76-0.98 0.93-1.19 1.13-1.45 1.38-1.77 1.68-2.00 1.95-2.30 0.93-2.00

50 N ;S:év;m W 285 282 281 280 280 27.5 262 283

Roman Space Telescope Spectroscopic Capabilities

Field of View . Sensitivity (AB mag)
(sq deg) Wavelength (um) Resolution (100 per pixel in 1hr)
0.28 sq deg 1.00-1.93 461 20.5at1.5um

0.28 sq deg 0.75-1.80 80-180 23.5at 1.5 ym




