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Abstract

We use 8 gravitational lens systems with quadruply imaged quasars and their observed flux ratio anomalies obtained using data
INn mid-infrared, radio or spectral narrow lines as a baseline, to estimate the amount of substructure in the dark matter halo of
lens galaxies. We assume that the smooth gravitational potential of the galaxies is well modeled by a Singular Isothermal
Ellipsoid (SIE) plus external shear (y) and an additional Singular Isothermal Sphere (SIS) in some cases, and that the cause of
the flux ratio anomalies is dark matter subhalos described by pseudo-Jaffe density profiles. Our Bayesian estimate for the
Einstein radius of the subhalos is b = 0.0003+%-000> / . arcsec, and their abundance (as a fraction of the total surface density of
the lens galaxy at the image positions) is a = 0.075%0939 ...
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that the dark matter haloes of 3 . effects. Microlensing magnification is stronger the smaller the source is, so we want light not from the
galaxies contain hundreds or @@t eii i, et continuum emitted by the accretion disk but from larger regions of the AGN like the dusty torus, the jet,
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the much lower number of can be corrected) by extinction.
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(2005, ApJ , 627, 53).

7[OIII] emission line flux ratios from Sluse et al. (2007, A&A, 468, 885).
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Artistic representation of an Active Galactic Nucleus (AGN)
and its largest components.

In order to have well constrained models that predict the flux ratios without using the observed ones as
constraints, we need quadruply lensed quasars. We selected systems from the literature that had been
observed in radio, mid-IR, and spectral lines, and had been fit to smooth models using only Singular
Isothermal Ellipsoids (SIE) plus an external shear (y) and an additional Singular Isothermal Sphere (SIS) if

needed.

HST/WFC3 UV image of SDSS0924+0219, showing an Mid-IR observation of the lensed system Q2237+0305.
anomalous flux ratio between images A and D. Vives-Arias, H. et al. (2016, arXiv:1606.03582)

Methods Results

We generated magnification maps for each quasar image and a

range of Einstein radii (b, in arcseconds) and abundance of When combining the PDFs of the 8
subhaloes (o, the fraction of the total surface density of the lens systems we studied, we obtain the
galaxy at the image positions), and modelled the subhaloes following Bayesian estimates for the
themselves with pseudo-Jaffe density profiles of equal mass in average Einstein radius b and
each case. These maps were used in a Bayesian analysis to abundance a of dark matter
estimate the probability of producing the observed anomalies in subhaloes in galaxies:

the flux ratios for each b and «, and therefore obtain probability

density functions (PDFs) for each system. The mass range of

Magnification maps created by our subhaloes the subhaloes is roughly 2x10° to 3x10° solar masses. b —_ O OOOS_I_O 2 0005
- —0.0002
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{ |8 The expected value of the Einstein radius that we estimate corresponds to a
% L subhalo mass of ~10® Mg. The abundance « is higher than the predictions of
CDM simulations, but still marginally compatible at 2c. It must be kept in mind
that for this study we assumed that the galaxies are well modelled with SIE
+y(+SIS) profiles, and that the flux ratios are unaffected by systematics,
extinction, microlensing or other perturbations. These are all factors that might
lead to an overestimation of the anomalies, so the value obtained should
probably be regarded as an upper limit only. Future work with more detailed
mass models and a larger sample of systems will help constrain the actual
values of the mass fraction that remains as satellites in the dark matter haloes of
galaxies.
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