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Figure 3. The suppression factor Sbin, i.e., the ratio of the stellar
companion fraction in planet hosts versus field stars, as a function
of binary separation. We display the measurements from RV
monitoring of hot Jupiter hosts (Ngo et al. 2016, magenta), AO
observations of KOIs (Kraus et al. 2016, green), speckle imaging
of K2 planet candidate hosts (Matson et al. 2018, red), speckle
imaging of TOIs (Ziegler et al. 2020, orange), and the combined
RV and AO observations of transiting KOIs, giant planets,
and multi-planet systems (Wang et al. 2014b, 2015b,c, blue).
Kraus et al. (2016) fitted a step-function model for suppression
such that only Sbin = 34% of binaries within a < 47 au
could potentially host planets (dotted line). The RV observations
instead demonstrate that the suppression factor is even smaller at
closer separations, and so we adopt full suppression (Sbin = 0%)
of S-type planets when binary separations are within a < 1 au,
nearly complete suppression (Sbin = 15+17

!12%) at a = 10 au, and

no suppression (Sbin = 100%) beyond a > 200+200
!120 au (solid

lines).

primaries have MS companions across a = 24 - 60 au and
a = 60 - 150 au, respectively, yielding Sbin = 64%± 32%
and 99%± 40% for the same separation intervals (see
Fig. 3). The suppression factor of Sbin = 64%± 32% across
a = 24 - 60 au is marginally consistent with no suppression,
as concluded in Matson et al. (2018), but is also consistent
with the Kraus et al. (2016) value of Sbin = 34% for
a < 50 au. All the surveys compiled in Fig. 3 suggest
Sbin = 55% across a = 24 - 60 au. To rule out such
an intermediate suppression factor with >2! confidence,
Matson et al. (2018) needed to detect nine companions
across a = 24 - 60 au, which is roughly double the observed
value. The Matson et al. (2018) sample of binaries is simply
too small, especially at close separations within a < 50 au,
to reliably measure the influence of close binaries on planet
statistics.

Ziegler et al. (2020) recently obtained SOAR speckle
images of 542 TESS objects of interest (TOIs). They
measured a deficit of close binaries (a < 150 au) and a slight
excess of wide binaries (a = 150 - 3,000 au) compared to the
field. For the three bins across 4 - 150 au in their Fig. 8, we
compute Sbin by dividing their number of detected binaries
(histogram with error bars) by their expectations from field
binaries (thick black continuous distribution). We present
the results in Fig. 3. Ziegler et al. (2020) also adopted
a step-function model for planet suppression as done in
Kraus et al. (2016), and they fitted Sbin = 24% below

a < 46 au, consistent with the values reported in Kraus et al.
(2016). Ziegler et al. (2020) showed that solar-type hosts
of large planet candidates, solar-type hosts of small planet
candidates, and M-dwarf hosts of small planet candidates all
exhibit a similar deficit of close stellar companions.

The error bars displayed in Fig. 3 represent
measurement uncertainties combined with the associated
systematic uncertainties from completeness corrections, but
we expect other sources of systematic error should also
contribute. For example, some KOIs and TOIs are EB false
positives (Fressin et al. 2013; Sullivan et al. 2015), and very
close binaries are known to exhibit an excess of tertiary
companions (Tokovinin et al. 2006). We show in Section 4.3
that a significant fraction of TESS giant planet candidates
in the Ziegler et al. (2020) sample are EB false positives,
and so their inferred excess of wide stellar companions
beyond a > 100 au is spurious, i.e., most of their detected
wide companions are tertiaries in hierarchical star systems.
Conversely, it is more di!cult to detect small transiting
planets if their hosts have bright stellar companions that
dilute the photometric signal. The slight deficit of wide
stellar companions beyond a > 200 au to small planet KOIs
(Wang et al. 2014b) and small planet TOIs (Ziegler et al.
2020) are likely due to this transit dilution selection bias (see
Section 3.3). Fortuitously, the e"ects of EB false positives
and transit dilution roughly cancel. Moreover, surveys of
transiting multi-planet systems (Wang et al. 2015c) and
dynamically confirmed hot Jupiters (Knutson et al. 2014;
Ngo et al. 2016), which are relatively immune to transit
dilution e"ects and EB false positives, exhibit the same
suppression factors. Most important, the relative change in
Sbin as a function of binary separation is rather robust to
these systematic biases. The ratio of suppression factors
Sbin(a=6au)/Sbin(a=200 au) = (0.13± 0.10)/(1.0± 0.1) =
0.13± 0.10 inferred from Fig. 3 is therefore accurate.

The suppression factor likely varies with binary
properties other than orbital separation, e.g., spectral type,
mass ratio, and eccentricity, as well as planet characteristics
such as period, size, and eccentricity. Eccentric warm
Jupiters in particular are known to reside in stellar binaries
with a < 10 au, including Kepler-420b (Santerne et al. 2014)
and Kepler-693b (Masuda 2017), indicating they formed
via dynamical interactions (Gong & Ji 2018; Fragione
2019). Similarly, the host of the eccentric hot Jupiter
CoRoT-20b (eP = 0.59) has an eccentric brown dwarf
companion (e = 0.60) with M sin i = 17MJ at a = 2.9 au,
providing strong evidence that the hot Jupiter migrated
via the eccentric Kozai-Lidov mechanism and tidal friction
(Rey et al. 2018). Triaud et al. (2017) investigated two
other hot Jupiter hosts, WASP-53 and WASP-81, which
also have brown dwarf companions closely orbiting at
a = 3.7 au and 2.4 au, respectively. The existence of
CoRoT-20, WASP-53, and WASP-81 suggests that close
brown dwarf companions do not significantly suppress planet
formation, consistent with our measurements for the stellar
binary fractions where we corrected for incompleteness
only down to the hydrogen-burning limit (see Section 2.1).
Kepler-444 harbors five very small planets spanning Rp =
0.4 - 0.8 R" within Pp < 10 days and a stellar companion,
which happens to be a tight pair of M-dwarfs, in a
highly eccentric orbit with e = 0.86, a = 37 au, and
rperi = 5 au (Campante et al. 2015; Dupuy et al. 2016).
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