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S trong gravitational lensing is a useful tech- nique for
examining astrophysical issues such as the general

content and kinematics of the Universe. As variable
sources, AGNs en- able measurements of the time delays
be- tween images, which can be used to estimate absolute
distances (i.e. an alternative tech- nique to constrain the
Hubble constant). We present the results of an extended
campaign of the Time Delay Cosmography collaboration
to find new lensed quasars (brightest kind of AGNs), to
produce reliable mass models and time delays.

The standard model of our universe (ΛCDM) depends
on cosmological parameters associated to its components
(such as dark energy, dark matter) and its expansion rate
(associated to the Hubble constant, 𝐻0). In recent years,
the improvement in precision shows a discrepancy between
the estimation of 𝐻0 with data from the early and late
universe (Di Valentino et al., 2021). This could be due
to experimental (unknown) errors, or it could mean the
need for an alternative model to ΛCDM (Efstathiou, 2021).
Strong gravitational lens provides an alternative

technique to measure 𝐻0. The gravitational lens
phenomenon is produced when the light from a
background quasar (source) is deviated by the gravitational
potential of a foreground galaxy (lens), producing several
images of the source (Schneider et al., 1992). Since the
photons travel through different paths, they will reach the
lens at separate times. The time lag between images (time
delay, ∆𝑡) is inversely proportional to𝐻0:

∆𝑡 = 1 + 𝑧𝐿
𝑐

𝐷𝐿𝐷𝑆
𝐷𝐿𝑆

𝐹
(1
2|𝜃 − 𝛽|2 − 𝜓(𝜃)

)
(1)

where 𝑧𝐿 is the redshift of the lens, 𝐷 represents
the observer-source (𝐷𝑆), observer-lens (𝐷𝐿), lens-source
distances (𝐷𝐿𝑆), and F is a function of the positions of the
images (𝜃), and source (𝛽), and the gravitational potential
(𝜓(𝜃)) of the lens. The angular diameter distance depends

on𝐻0 and the selected model for the Universe (ΛCDM in
this case).
A high precision measurement of𝐻0 requires accurate

lens models and time delays (Birrer et al., 2020). Quadruply
lensed quasars are preferred to doubles because they
provide better constraints (4 image positions instead of
2, sometimes arcs) and 3 time delays per system (instead
of 1). However, they are a rare event. The Time Delay
Cosmography (TDCosmo1) has double the number of quads
by discovering 30 new systems (Schmidt et al., 2023).
Accurate gravitational lens models requires high-

resolution imaging in several bands (preferably from space),
kinematic information for the lens to break the mass-sheet
degeneracy problem (Falco et al., 1985) and to account
for any perturbation from neighbor galaxies in the line-
of-sight. Precise time delay measurements requires high
precision photometry and high cadence in telescopes able
to separate the images. Finally, using blind analysis, a
combination of 6 known lensed quasars provides 𝐻0 =
73.3+1.7−1.8kms

−1𝑀𝑝𝑐−1 (Wong et al. 2020), in agreement
with other estimations from the late Universe.
To summarize, gravitationally lensed quasars is able to

provide a high precision𝐻0 estimation. The combination
of several systems helps to increase that precision and could
solve the tension in𝐻0 between the early and late universe.
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