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Gravitational lensing

Light rays travelling through space
are deflected in the presence of mass

Credit: NASA, ESA, and Goddard Space Flight Center/K. Jackson
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Weak lensing

1. Foreground biases
arXiv:2405.04194

2. LOS with DPSL
arXiv 2501.1715




Perhaps this could be useful?
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2/4 1 the strong lensing lineof-sight

Weak lensing of strong lensing p—
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The work | ol t al

1. How the line of sight biases measurements

2. The line of sight as a cosmologic&l proldg



3/4 1 the line of sight as a source of uncertainty

Time delay cosmography

006 007 2008 2009 2010 2011 2012 2013 2014 2015 2016 2017 2018
HE 0435 — 1223

Credit; S.Birrer et al.
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3/4 1 the line of sight as a source of uncertainty

How big Is the effect?

1. Foreground biases

ol arXiv:2405.04194

250- 2. LOS with DPSLs
_ arXiv 2501.17153
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3/4 1 the line of sight as a source of uncertainty

When is this important?

A Whenever you observe distances, luminosities
shapes to high precision

- HO constraints from strong lensing time delays

- wW(z) constraints from double source plane lenses
- distance measurements from supernovae

A Generally mitigated by large sample sizes, but
selection effects and other subtleties may cau:
problems
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4/4 T the line of sight as a cosmological probe

LOS shear LOS shearcorrelation function
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4/4 T the line of sight as a cosmological probe

LOS shear correlation function

00 05 10 15 20 25 3.0 ' 1 2 3 4
bin median separation ©; [ded] bin median separation ©; [deq]




4/4 T the line of sight as a cosmological probe

f Observed \

Correlation Functions

How the relationship between
observables changes as their sepafation
Increases




4/4 T the line of sight as a cosmological probe

/Matter power spectrum\

f Observed \

Correlation Functions

How the relationship between

observables changes as their separam
RIEEERES

How matter is distributed
through the universe

N

0.01 002 003 004 005 006 007
bin median separation ©; [deg]

104 1072 1072 10! 10° 10!
k (Mpc™1)




4/4 T the line of sight as a cosmological probe

f Observed \

Correlation Functions

How the relationship between

observables changes as their separam
RIEEERES

/Matter power spectrum\

How matter is distributed
through the universe

N

104 1072 1072 10! 10° 10!
k (Mpc™1)

] )
Cosmological .—
parameters

- J
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4/4 T the line of sight as a cosmological probe
The goal

LOS shear
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Credit: T. M. C. Abbott al., PhysRev D (2018)
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Conclusions

A Gravitational lensing is a powerful observational tool in cosmolo

A Matter along the line of sight hashaglmible effect on strong lensi
observables, as with any measure of distance, shape or luminos

A Ignoring or undparameterising these effects can lead to precise
Inaccurate cosmological constraints

A Measurements of these effects offers a new cosmological probe



Thanks for listening!

daniel.johnson@umontpellier.fr
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The minimal lens model
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The minimal lens model

Fleury et al. 2021, 2104.08883
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The MSD and angular diameter distances

The time delay distance
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Velocity dispersion constraints

Teodoret al. 2022, 2201.05111
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| Foreground shear effects
(ellipticity Is biased)

565554—2(5—7)

If the is:left out of a model, you will measure
an effective ellipticity. However, other parameters should be
unaffected
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Double source plane lensing
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Weak lensing of strong lensing
Einstein ring arxiv:2104.08883
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Generating lines of sight

redshift (z)
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The Jackpot lens
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Velocity dispersion constraints

The MSD factor iIndependent  Depends only on
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What velocity dispersion1 — RLOS

The factor we need — 1 g

measurements give us 1
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Comments on MSD
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The MSD and O
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3/4 1 the line of sight as a source of uncertainty

Double-source-plane lenses
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3/4 1 the line of sight as a source of uncertainty

The MSD and angular diameter distances
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3/4 1 the line of sight as a source of uncertainty

The MSD and angular diameter distances
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3/4 1 the line of sight as a source of uncertainty

How big Is the effect?

We make use of the-hgglolution dark matter only ray tracing results of Breton
et al. 2018803.04294which gives convergence and shear valuestgghhes
for WMAPY best fit cosmology

high-density

Z=)

2. Foreground bias
arXiv:2405.04194

A it 3. LOS with DPSLS
i arXiv 2501.17153




3/4 1 the line of sight as a source of uncertainty

How big is the effect for 0 a ?

3. LOS with DPSLs
arXiv 2501.17153

2-sigma outliers In
~35% of cases
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