
Benjamin Rose 
presenting work by Jenna Glaze and Jansyn Pihl  
Shifting Landscapes in Astrophysics 
July 15, 2026

Investigating Weak Lensing 
Effects on Supernovae Cosmology



Jenna Glaze Jansyn Pihl



Gravitational Weak Lensing



Gravitational Weak Lensing
Changed Magnitude

Detection of weak lensing of SN Ia 9

Figure 8. Scatter plots of Hubble diagram residuals 𝐿res = 𝐿 → 𝐿model of SN Ia (y-axis) and the lensing estimate ω𝑀 (x-axis). We have normalised the scales
by dividing by the expected lensing dispersion 𝑁lens = 0.06𝑂 and intrinsic dispersion 𝑁int = 0.1. The points are shaded according to the probability they are
SN Ia, with lighter blue indicating probable contaminants. The median in each bin is marked with a dashed red line. For low redshift bins, the scatter plots are
dominated by the intrinsic dispersion of magnitudes with little visible correlation with the lensing estimate. For higher redshift bins, the correlation is apparent
as the clustering of points in the top right quadrant (the majority of lines of sight are through underdense regions) and a small number of magnified supernovae
in the bottom left.

random LOS using our best fit halo model parameters. The first sam-
ple was generated by allocating LOS to random SN Ia hosts in DES
footprint according to the observed SN Ia redshift distribution. The
second sample was a random selection of sky positions; these are very
unlikely to be near a putative host galaxy. The dispersion of lensing
estimator for the former (random host SN Ia) was consistent with the
dispersion of the DES-SN5YR Ia sample. This demonstrates that the
DES-SN5YR sample is large enough to represent the pdf and ob-
tain an observational lensing dispersion. Interestingly, the dispersion
for the latter (random position SN Ia) LOS was larger for redshift
𝐿 > 0.5, with 𝑀lens = 0.083 at 𝐿 ↑ 1. This discrepancy was also
noted in Jönsson et al. (2010), who compared the SNLS sample to a
random one. This may suggest factors (such as obscuration of distant
galaxies by crowded foregrounds) that have biased the observation
of SN Ia to lines of sight with a lower matter inhomogeneity.

4.5 Delensing SN Ia

We expect that subtracting the lensing estimate will reduce the resid-
uals to the Hubble diagram. We therefore propose a modification of
the Tripp estimator as

𝑁delens = 𝑂𝑃 → 𝑃𝑃 + 𝑄𝑅1 → 𝑆𝑇 + ωM + ωB → 𝑈ω𝑂lens . (20)

In this equation, 𝑂𝑃, 𝑅1 and 𝑇 are parameters that are fitted to the
SN Ia light curves representing the amplitude, duration and colour
respectively of the observations. ωM is an adjustment to take account
of variations in SN Ia magnitudes correlated to their host galaxy

Figure 9. The standard deviation of ω𝑀lens as computed from the actual lines
of sight to the DES 5Y SN Ia sample.

properties (usually summarized by host stellar mass 𝑃↓), and ωB
is a term to correct for Malmquist bias and computed from simu-
lations. The novel term we propose is the last term, 𝑈ω𝑂lens which
is calculated using best-fit model parameters for each individual SN
Ia. In this context, lensing becomes simply a second environmental
variable equivalent to (and of similar size as) the host mass step
adjustment ωM, and the distance moduli 𝑁 are “de-lensed”.
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Weak Lensing and Supernova Cosmology

• Produces an “unknown” shift in apparent magnitude of the SN



Weak Lensing and Supernova Cosmology

• Produces an “unknown” shift in apparent magnitude of the supernovae

1) Increase your uncertainty 2) Fit more cosmology

σ8σ2
tot = σ2
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lens



Distance Uncertainty from Lensing

Jonsson+ 2010Vincenzi+ 2024

σlens = (0.055 ± 0.04) × z



A Problem for Roman!

• The Nancy Grace Roman Space Telescope will measure supernova to 
redshifts past z = 2.5, or a σlens = 0.14!



Simulations

• High-Latitude Time Domain Survey


• Used Supernova Analysis (SNANA) 
software


• Generating the lensing map 


• Dark Energy Science 
Collaboration Data Challenge 2 
(DC2): Provides galaxy positions, 
redshifts, and properties


• Dark Energy Survey (DES): 
Provided the lensing magnitude 
values



Simulation Results



Fit the Lensing Scatter

Results coming out in Pihl+ 2026 this fall

σlens = (0.0372 ± 0.0014)z − (0.0068 ± 0.0007)z2

σlens = (0.0299 ± 0.0012)z0.62±0.06



Supernova Cosmology

• Constraining two cosmological  
properties 


• ΩM - matter densities 


• ΩΛ - dark energy density


• σ8?

DES Collaboration 2024



Constraining σ8: Method of Moments

• Method of moments for constraining σ8 


• Using 1st–4th moments

Quartin+ 2014 

σ2 = σ2
SN + σ2

lens

μ3 = μlens(σ8, ΩM)



Initial Results

Quartin+ 2014 Glaze+ in prep.



• Weak gravitational lensing dramatically 
effects SN Cosmology at high redshifts.


• Using DES lensing maps, we find that the 
uncertainty in distance due to lensing is non-
linear with redshift.


• Roman’s supernova data volume allows us to 
measure high order moments and make 
constraints on σ8. 

Conclusion


