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2010) that seems to persist out to high redshifts (in total stellar
mass for the latter).

While there are some studies of the sizes of AGN hosts at
high redshift (Barro et al. 2014; Rangel et al. 2014; Kocevski
et al. 2017), little is known about the size – Mstellar rela-
tion for the more luminous AGNs (i.e. broad-line QSOs), ow-
ing to the challenges of separating the host galaxy from the
bright point source which requires accurate characterization
of the point spread function (PSF). However, if the technical
challenges can be overcome, a comparison between the size –
Mstellar relation of AGN host galaxies and that of the typical
galaxy population may shed light particularly on the connec-
tion between the growth of quiescent galaxies and SMBHs.

To establish the relation between the mass of SMBHs and
the stellar mass of their host galaxies, we have been con-
ducting an imaging survey of 32 broad-line (type 1) AGNs
at 1.2 < z < 1.7 in deep survey fields (i.e., COSMOS, SXDS
and CDF-S) using HST/WFC3 (Ding et al. 2019, ; D19 here-
after) in the near-infrared. By virtue of unprecedented data
and state-of-the-art techniques, we have detected the hosts
in essentially all cases and measured properties of the host
galaxies (i.e., luminosity, size, Sersic index and stellar mass).
The key result of our study so far is that the total galaxy stel-
lar mass - SMBH mass relation can be consistent with low-z
results, once uncertainties and selection effects are taken into
account, but the bulge - SMBH mass relation is not.

In this letter, we investigate the galaxy size - mass relation
of type 1 AGNs using our sample at 1.2 < z < 1.7 and com-
pare with published relations for the general population both
star-forming and quiescent. We show that AGN hosts have
sizes between those of star forming and quiescent galaxies at
the same stellar mass. We argue that this finding does not
provide evidence for the scenarios in which AGN activity is
responsible for the growth in size of galaxies. A scenario in
which AGN hosts are getting more compact due to the growth
of the pressure supported component either by gas rich secu-
lar processes or minor mergers seems consistent with the data.
Using measurements from Bennert et al. (2011), we find con-
sistent results with type 1 AGNs at low-z. Throughout this pa-
per we use a Hubble constant of H0 = 70 km s�1 Mpc�1 and
cosmological density parameters ⌦m = 0.3 and ⌦⇤ = 0.7.
We assume a Chabrier initial mass function for estimates of
stellar mass.

2. METHOD
We have carried out an HST/WFC3 IR program in Cycle 25

(PI Silverman) to image the host galaxies of 32 type 1 AGN at
1.2 < z < 1.7 in deep survey fields. These AGN have black
hole masses (7.5 < log MBH < 8.5), located below the
knee of the black hole mass function at their respective red-
shift, determined from the broad H↵ emission line detected
with Subaru’s Fiber Multi-Object Spectrograph (FMOS) as
reported in Schulze et al. (2018). The Eddington ratios are
mainly above 0.1 (see Figure 1 of D19). The primary aim of
the program is to establish the MBH �Mstellar relation, in-
cluding an inference of the bulge component, at high-z and
determine whether there is any evolution in the mass scaling
relations by comparing to local values including both inactive
and active galaxies.

The procedure to measure stellar mass of the host galaxy
requires a decomposition of the total infrared emission into
the AGN and host galaxy component through a forward-
modeling, chi-squared minimization procedure using the tools
available in the Lenstronomy image analysis package (Birrer

FIG. 1.— Galaxy size - stellar mass relation for the host galaxies of broad-
line AGN at 1.2 < z < 1.7. Our high-z sample is displayed with diamond
symbols and a color descriptive of their Sersic index. Arrows indicate those
with upper limits for three cases. For comparison, star-forming (blue) and
quiescent (red) galaxies from CANDELS are plotted as small circles with a
classification based on their rest-frame U�V and V �J colors. The best-fit
relations from van der Wel et al. (2014) are shown for the star-forming (blue
line) and quiescent (red line) galaxies separately with the latter also indicated
at z ⇠ 0.06 (Newman et al. 2012). Low-redshift AGNs are marked by the
small black circles (Bennert et al. 2011).

& Amara 2018). The inputs are the science frames, 2D PSF
models and pixel-level error maps. The host galaxies are mod-
eled as a Sersic function parameterized by an index (nSersic)
descriptive of the radial dependence of the light profile and
the half-light radius (Re↵ ; semi-major axis). The AGN com-
ponent is fit using model PSFs based on a stellar library con-
structed from the same WFC3 data set. Based on our analysis
as fully presented in D19, we detect the host galaxy in all 32
AGNs with widely varying host-to-total flux ratios with the
majority between 20-60%. Errors are derived from the 1�
standard deviation of measurements based on the top eight
best-fitting PSF models to the data. The 2D model fits and
1D surface brightness distributions are shown in D19 (Figure
2 and Appendix).

The majority of our sample (21/32) has optical HST imag-
ing available from the COSMOS program. This allows us
to perform the image decomposition in two HST bands that
bracket the 4000 Angstrom break thus allowing an estimate
of the rest-frame color to facilitate accurate stellar mass mea-
surements. A 1 (z < 1.44) and 0.625 (z > 1.44) Gyr single
stellar population model (Bruzual & Charlot 2003) with solar
metallicity appears to nicely fit the two-band HST photometry
of the host galaxy (see Figure 5 of D19). These ages of the
stellar population for AGN hosts are in good agreement with
earlier complementary studies (Jahnke et al. 2004; Sánchez
et al. 2004). We use this SED to apply a mass-to-light con-
version (z < 1.44: M/L = 0.54; z > 1.44: M/L = 0.42) to
achieve stellar masses for our full sample. The mass-to-light
conversion carries the typical uncertainties for determinations
based on a single color (e.g., Bell & de Jong 2001). Since the
fit is not unique to this single stellar population model, one
should use caution when further interpreting the stellar age.


