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Strong Lensing Basics



Difference between Strong and Weak Lensing

When the mass surface density of the lens crosses some critical density

Σcr , strong lensing occurs. This density is equal to

Σcr =
c2

4πG

Ds

DdDds
.
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Strong Lensing: Distances

We begin with some simple nomenclature:

• Dd ≡ distance from observer to lens (or “deflector”)

• Ds ≡ distance from observer to source

• Dds ≡ distance from lens/deflector to source
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Strong Lensing: Angles

We now define angles relevant to the geometry of strong lensing:

• β ≡ angle between the lens in the image plane and the source in the

source plane

• θ ≡ angle between the lens and the source in the image plane

• α ≡ angle between the source in the image plane and the source in

the source plane
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Diagram of geometry

From Treu 2010, ARAA, 48, 87
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Strong Lensing

It can be shown that the angle of deflection of a light ray passing by a

point mass is

α =
4GM

c2b
.

Through more geometry, α can be related to θ and β:

θ − β =
Dds

Ds
α
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Examples
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Time Delays In Lensed Images



Quasar Variablity

Quasars vary on timescales that can be measured with well sampled light

curves.

Figure 2 from Bonvin et al 2017
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Example

Figure 1: Light curve of a simulated quasar, from Dobler et al (2013). Note

the time delay between the two curves.
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Main Idea

By measuring strongly lensed quasars and the light curves of the images,

we can utilize the geometry and measured time delays to put constrains

on angular diameter distances. This allows for measurements of H0 and

the dark energy equation of state parameter, w .
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How does dark energy factor in?

The relevant equation is

t(θ, β) =
D∆t

c

(
(θ − β)2

2
− ψ(θ)

)
where

D∆t ≡ (1 + zd)
DdDs

Dds
.

In order to solve for the best fitting cosmology, one needs to model the

mass distribution of the lens. This will give you ψ and (θ − β) ∼ α
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Ingredients Needed to do Cosmology

1. Precise, well sampled light curves of lensed images: Time Delays

2. HST imaging of lens: Model mass distribution

3. Wide field imaging and spectroscopy: lens environment

4. Lens Stellar kinematics: mass modeling

Suyu et al 2017
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Current Efforts: H0LiCOW



H0LiCOW

H0LiCOW: H0 Lenses in COSMOGRAIL’s Wellspring

COSMOGRAIL: COSmological MOnitoring of GRAvItational Lenses

Stated goal of measuring H0 to <3.5 percent, independent of SN and

CMB measurements.

Blind analysis
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Results: ΛCDM model

Wong et al 2019
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Results: wCDM model

Wong et al 2019
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Results: Tension with CMB(?)

Wong et al 2019
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Uncertainties



Random error

Large statistical uncertainty due to small sample size

• LSST and other all sky surveys will find more systems and provide

well sampled light curves

• Noise from microlensing

• Current sample size is < 10 lensed quasars

Treu & Marshall (2016) A&ARv, 24, 11
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Systematics

• Time delay measurement: uneven sampling (multi-filter light curve,

LSST)

• Modeling lens mass distribution: helped by stellar kinematics data,

isothermal sphere too simplistic

• Independent tests: strongly lensed SN
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Future Efforts



LSST

Expected sizes of the LSST samples of well-measured lensed quasars and

lensed supernovae are ∼ 2600 and ∼ 330 respectively; 90 of the lensed

SNe are expected to be type Ia.

LSST Science Book
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Conclusion

1. Out of phase light curves of strongly lensed images of quasars can

be used to test cosmological models.

2. Current experiments find agreement with distance ladder

measurements of H0

3. Current experiments find that best fit model is one where dark

energy is not a cosmological constant (w 6= −1)

4. LSST will greatly increase the sample of strongly lensed quasars and

will allow for more precise measurements
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