
10 X. Ding et al.

FIG. 8.— Left: Offset in log(MBH) (vs. M⇤) as a function of redshift. The orange band is the intrinsic scatter of local linear relation. The red line and
gray band are the best-fit and 1� offset fitting by Equation 9 using our 32 high-z AGNs, with slope value � = 1.03 ± 0.25. Right: MBH/M⇤ as a function
of redshift. In both panels, we use blue open circles to show the expected bias of the median value for � logMBH. We use framework of Schulze & Wisotzki
(2011, 2014) to show that even with no evolution selection effects would shift the expectation higher towards the measured values as indicated by the small arrow
(Section 2.3.) The measurements of the local and intermediate redshift samples are re-calibrated using self-consistent recipes and listed in Table 7.

FIG. 9.— Histogram of the log(MBH) offset for the local samples and our
32 high-z sample. The gray vertical line shows the mean value of the offset
for the high-z sample, and the red vertical line shows the shift the expectation
by the selection effect, even if there were no evolution. The median value of
the offset is very close to the mean value (+0.30).

tion effects, we adopt both uniform (flat) prior and lognormal
prior for �int. Note that this method assumes a narrow Ed-
dington ratio distribution, which is different from the one by
Schulze & Wisotzki (2011), as described in Section 2.3. Also,
this method adopts the local black hole mass function rather
than the high-z BH mass function. These differences have a
second-order effect and could be responsible for the differ-
ent magnitude of the selection effect. On the other hand, this
method probes the importance of the scatter at high-z, which
is complementary.

Combining the 32 AGNs together with the intermediate
redshift sample, we present the inferred � and �int in the two-
dimensional planes in Figure 10. The plots show that the in-

ferred evolution is uncertain and depends crucially on the in-
trinsic scatter, especially when applying a luminosity evolu-
tion for the host (see Appendix B). Assuming the lognormal
prior �int, to mimic the assumption of the method discussed
in Section 2.3, one sees that the best estimate of � is positive,
but the 95% confidence intervals extend to zero. Thus one
cannot conclude that evolution is significantly detected in our
data. When relaxing the prior on �int we find that the scatter
is consistent with being as low as in the local samples, with a
one-sided interval including zero and 1� upper limit at around
0.5 dex. We also study the selection effect by only consider-
ing the new 32 AGNs, resulting in a higher evolutionary trend
with a higher value of �. We show all the result of the � and
�int in Table 5.

A simple check using our prior estimate of the bias yields
a similar result. The mean offset of the sample of 32 objects
from the local relationship is 0.43 ± 0.06 dex, which would
correspond to � = 1.08 ± 0.15. However, after correcting
for the selection bias (0.21 dex, see Section 2.3), the offset
reduces to 0.22± 0.06 and thus � = 0.55± 0.15, marginally
positive, but not conclusively inconsistent with the local value
given the error bars and uncertainty in the correction. We also
note that the distribution of offsets shown in Figure 9 displays
a positive asymmetric tail. Whereas we expect the negative
tail to be suppressed by our selection function, and thus it
should be accounted for in our treatment. If one computes the
median offset instead of the mean, the offset is almost com-
pletely consistent with the expected bias. Larger samples with
different selection function are needed to establish whether
the positive tail is real or due to small sample statistics.

5.6. MBH-M⇤,bulge relation
The local sample of inactive galaxies used in this analy-

sis is mainly comprised of bulge-dominated galaxies, and the
entire local M⇤ we adopted are their bulge masses. That is,
in previous sections, we are comparing the MBH-M⇤,total
relations in the distant universe to the MBH-M⇤,bulge rela-
tions locally. Considering that a significant stellar component


