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ABSTRACT

We report the discovery, spectroscopic confirmation, and mass modelling of the gravi-
tationally lensed quasar system PS J0630−1201. The lens was discovered by matching
a photometric quasar catalogue compiled from Pan-STARRS1 and WISE photometry
to the Gaia DR1 catalogue, exploiting the high spatial resolution of the latter (FWHM
∼ 0.

′′
1) to identify the three brightest component of the lensed quasar system. Follow-

up spectroscopic observations with the WHT confirm the multiple objects are quasars
at redshift zq = 3.34. Further follow-up with Keck AO high-resolution imaging reveals
that the system is composed of two lensing galaxies and the quasar is lensed into a
∼2.′′8 separation four-image cusp configuration with a fifth image clearly visible, and
a 1.′′0 arc due to the lensed quasar host galaxy. The system is well-modelled with two
singular isothermal ellipsoids, reproducing the position of the fifth image. We discuss
future prospects for measuring time delays between the images and constraining any
offset between mass and light using the faintly detected Einstein arcs associated with
the quasar host galaxy.
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1 INTRODUCTION

Gravitationally lensed quasars can be used as tools for a
variety of astrophysical and cosmological applications (e.g.
Treu 2010; Jackson 2013), including: mapping the dark mat-
ter substructure of the lensing galaxy (e.g. Metcalf & Madau
2001; Kochanek & Dalal 2004; Nierenberg et al. 2014; Veg-
etti et al. 2014; Birrer et al. 2017); determining the mass
(e.g. Morgan et al. 2010) and spin (Reynolds et al. 2014)
of black holes; and measuring the properties of distant host
galaxies (e.g. Kochanek et al. 2001; Claeskens et al. 2006;
Peng et al. 2006; Ding et al. 2017). In addition, they can also
be used to constrain cosmological parameters with compa-
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rable precision to baryonic acoustic oscillation methods (e.g
Suyu et al. 2010, 2013) and to probe the physical properties
of quasar accretion disks through microlensing studies (e.g.
Kochanek 2004; Poindexter et al. 2008; Motta et al. 2012).

Ostrovski et al. (2017) found that, for the Dark Energy
Survey (DES - DES Collaboration 2005; DES Collabora-
tion et al. 2016), no simulated gravitationally lensed quasar
system with image separation less than 1.′′5 is segmented
into multiple catalogue sources due to limitations on sur-
vey resolution. As a result, only 23% of simulated systems
with pairs of quasar images are segmented into two sources.
This means that to identify lensed quasars as groups of close
sources of similar colours, one has to either employ 2D mod-
elling techniques (Ostrovski et al. 2017, in prep.) or rely on
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Table 4. Predicted time delays between the image pairs in PS
J0630−1201. All values are in days. The values in the top right
(bottom left) are for a lens redshift of 1 (0.5). Light arrives in the
images in the following order: CABED

A B C D E

A − 0.9 1.8 243 208
B 0.4 − 2.7 242 207

C 0.7 1.1 − 245 210
D 97.8 97.4 98.5 − 35
E 83.7 83.3 84.4 14.1 −
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