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Galaxy stellar masses are typically obtained by measuring their luminosity
and multiplying it by a mass-to-light ratio derived from a model of their stellar population.One of
the biggest systematic uncertainties in the determination of this mass-to-light ratio is the stellar

initial mass function (IMF).
The stellar IMF can be constrained using strong gravitational lensing. A strong lensing measurement
provides the total mass enclosed within the inner regions of a galaxy. By carefully subtracting the
dark matter contribution from the total mass, we can obtain the stellar mass,which can then be
compared to stellar population models to constrain the IMF.
We studied a sample of 23 strong lenses with data from the Hyper Suprime-Cam survey. We first
obtained spectroscopic measurements from the Very Large Telescope, then carried out a statistical
study of the stellar IMF of the sample. Our measurement show that the stellar IMF of massive
galaxies is not as heavy as previously thought.
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Galaxy stellar masses are typically obtained by measuring their luminosity and multiplying
it by a mass-to-light ratio derived from a model of their stellar population.One of the biggest
systematic uncertainties in the determination of this mass-to-light ratio is the stellar initial
mass function (IMF), which sets the relative abundance of stars of different mass.While in
the Milky Way the stellar IMF is observed to be more or less universal, measurements in
massive elliptical galaxies seem to indicate how the stellar IMF in these objects is
significantly heavier compared to our galaxy, leading to differences in mass-to-light ratio of
a factor of two.However, some observational studies show contrasting results: the true stellar

IMF in galaxies other than the Milky Way is still highly uncertain.

The main goal of the project is to obtain an accurate measurement of the stellar IMF of
massive elliptical galaxies from strong gravitational lensing.A strong lensing measurement
provides the total mass enclosed within the inner regions of a galaxy. By carefully
subtracting the dark matter contribution from this total mass, we can obtain the stellar

mass, which can then be compared to stellar population models to constrain the IMF.

The main requirements for carrying out this project are 1) a statistically large sample of strong
lenses, 2) spectroscopic measurements of the lenses in the sample, 3) a method and data that can
be used to separate the contribution of luminous and dark matter to the total mass obtained from
strong lensing.

We obtained our strong lenses from the Survey of Gravitationally-lensed Objects in HSC
Imaging (SUGOHI, Sonnenfeld et al. 2018, see Figure 1). We carried out spectroscopic
follow-up observations of 9 such lenses with the X-Shooter spectrograph on the Very Large
Telescope (ESO Program 099.A-0220, Pl Suyu). Combining this data with measurements from
the literature, we had a sample of 23 lenses with spectroscopic data necessary for a strong lensing
study. For each lens, we measured the stellar mass and the Einstein radius of the lens galaxy, which
provides the total projected mass within the area enclosed by the multiple images of the strongly
lensed source.

In parallel, we carried out a weak lensing study to infer the distribution of dark matter halo mass
of massive elliptical galaxies, as a function of stellar mass. This measurement was needed to remove
the contribution of dark matter from the total mass in the inner region of a galaxy measured from
strong lensing.

Finally, we statistically combined the stellar mass and Einstein radius measurements of the strong
lenses in our sample to infer the distribution in the stellar IMF mismatch parameter,defined as the
ratio between the true stellar mass of a galaxy and that obtained assuming a reference IMF, of the
population of massive elliptical galaxies. We used our weak lensing constraints to put a prior on

the dark matter mass of each lens.



Figure 1: color-composite images of the 23 strong lenses used for the main study of the project.

We inferred the posterior probability distribution of the average IMF mismatch parameter
of the population of massive galaxies. This is shown in Figure 2.

After accounting for strong lensing selection effects, our analysis reveals that the stellar IMF
of the population of elliptical galaxies is consistent with that of a Chabrier IMF, commonly
used to describe the IMF of the Milky Way, and in tension with a Salpeter IMF, which was
favored by previous strong lensing studies.

This apparent discrepancy between our study and previous measurements from the
literature is due to the type of data used for the analysis. Our measurement is based on a
combination of strong and weak gravitational lensing, while previous measurements used
strong lensing and stellar kinematics. Stellar kinematics is particularly sensitive to the
presence of gradients in the stellar mass-to-light ratio of the galaxy, which can bias the IMF
mismatch parameter towards larger values if not accounted for. Strong and weak lensing are
not sensitive to mass-to-light ratio gradients, therefore we consider our measurement to be
more robust.

The statistical methods used for the analysis were developed specifically for this project.
These include innovative elements, such as the use of a Bayesian hierarchical approach for
the weak lensing part of the project and the use of posterior predictive tests as a way of
checking the goodness-of-fit and improving the model. The impact of these methods will go
beyond the scope of this project, as they will serve as the basis for more complex analyses

with future datasets, such as lens samples from the LSST and Euclid.
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Figure 2: posterior probability distribution of the parameters describing the stellar IMF
mismatch parameter of massive elliptical galaxies. Filled contours: base (simplified) model.
Solid lines and red-dotted lines: final model, obtained with two different choices of the
model used to describe the strong lens detection efficiency of our lensing survey. Contour

levels mark the 68% and 95% enclosed probability regions.
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