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An overview:

Gravitational lensing is an excellent probe of dark matter

Strong gravitational lensing is atfected by matter along the
line of sight of the lens system (the “weak lensing of strong

lensing”)

These ettects offer novel constraints on the matter power

spectrurn



Gravitational lensing

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

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



A historical division
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Lensing and dark matter

Coi
§ Strong |

~ lensing /

Weak lensing




Lensing and dark matter

o )
§ sStrong |

~ lensing /

Weak lensing

Galaxy dark
matter content by
comparing light |
and mass profiles /




Lensing and dark matter

/ Strong ! Y 4

Weak |
Galaxy dark
matter content by
comparing light

ensing
and mass profiles




Lensing and dark matter
\

j. Strong !
~ lensing /

Galaxy dark
matter content by
comparing light

The matter
power spectrum

and mass profiles




Lensing and dark matter

and mass profiles

.
" 4
The matter
power spectrum
Galaxy dark ‘ 7
matter content by | /4

comparing light | / ”:'; |

."‘V//‘v’ ; \ - n \A.



But they're not independent!
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3. LOS effects
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Weak lensing of strong lensing

3. LOS effects

perturbations Einstein ring arXiv:2104.08883
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3/3 —the line of sight as a cosmological probe

Why is this interesting?

Xs 5
YLOS ~ —Qm/ dx [ dx o
0 R2
line-of-sight matter density density

shear parameter contrast

Y1.0s depends on the matter power spectrum

via an integral of O along the line of sight
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3/3 —the line of sight as a cosmological probe

The 6X2pt LOS shear
correlation 8
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3/3 —the line of sight as a cosmological probe

L.OS shear X LOS shear correlation function
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3/3 —the line of sight as a cosmological probe
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LOS shear X correlation function
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3/3 —the line of sight as a cosmological probe
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3/3 —the line of sight as a cosmological probe

Sources of
uncertainty
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3/3 —the line of sight as a cosmological probe

The goal

LOS shear
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Credit: T. M. C. Abbott et al., Phys. Rev. D (2018)
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The goal

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

* (Gravitational lensing is a powerful observational tool for studying

dark matter

* Matter along the line of sight has a non—negligible effect on strong

lensing observables

* Measurements of these effects offers a new way to probe the matter

power spectrum



Thanks for listening!
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Natalie B. Hogg, Pierre Fleury, Julien Larena, Matteo Martinelli,
Measuring line-of-sight shear with Einstein rings: a proof of concept, MNRAS 520 (2023) 04, arXiv:2210.07210

Natalie B. Hogg, Anowar ]. Shajib, Daniel Johnson, Julien Larena,
Measuring line-of-sight shear with Einstein rings: a proof of concept, MNRAS 520 (2023) 04, arXiv:2210.07210

Daniel Johnson, Pierre Fleury, Julien Larena, Lucia Marchetti,

Foreground biases in strong gravitational lensing, JCAP 10 (2024) 055, arXiv:2405.04194

Daniel Johnson, Thomas Collett, Tian Li, Pierre Fleury,
Line-of-sight effects on double source plane lenses, arXiv:2501.17153
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Tidal weak lensing
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Backup slides

Line-of-sight effects

perturbations Einstein ring arXiv:2104.08883
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The minimal lens model
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(A single main lens + tidal line-of-sight effects)




Backup slides

The minimal lens model

Fleury et al. 2021, 2104.08883
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Generating lines of sight

» 7=2 [ highrdensity

redshift (z)

o Interpolate between datapoints
‘low density * Integrate to determine background

terms
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Foreground shear effects

(ellipticity is biased)

€effE€—|—2(5—’)f)

If the is left out of a model, you will measure
an effective ellipticity. However, other parameters should be

unaffected
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