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ABSTRACT

The light curve of KIC 8462852, a.k.a Boyajian’s Star, undergoes deep dips the origin of which remains
unclear. A faint star ≈2′′to the east was discovered in Keck/NIRC2 imaging in Boyajian et al. (2016), but
its status as a binary, and possible contribution to the observed variability, was unclear. Here, we use three
epochs of Keck/NIRC2 imaging, spanning five years, in JHK near-infrared bands to obtain 1-mas precision
astrometry. We show that the two objects exhibit common proper motion, measure a relative velocity of µ =

0.14 ± 0.44 mas yr−1 (µ = 0.30 ± 0.93 km s−1) and conclude that they are a binary pair at 880 ± 10 AU
projected separation. There is marginal detection of possible orbital motion, but our astrometry is insufficient
to characterize the orbit. We show that two other point sources are not associated with KIC 8462852. We
recommend that attempts to model KIC 8462852 A’s light curve should revisit the possibility that the bound
stellar companion may play a role in causing the irregular brightness variations, for example through disruption
of the orbits of bodies around the primary due to long-term orbital evolution of the binary orbit.

1. INTRODUCTION

Many possible causes have been posited to explain the
unusual light curve of KIC 8462852 (a.k.a “Boyajian’s
Star”) discovered in Boyajian et al. 2016 (hereafter B16).
KIC 8462852 exhibits large, possibly aperiodic dips in a va-
riety of shapes, inconsistent with an exoplanet explanation
(B16). There has been significant interest in the system, with
many suggested explanations from the beginning of a Late
Heavy Bombardment-like period (Bodman & Quillen 2016),
to interstellar clouds or an intervening object (Wright & Sig-
urdsson 2016), to uneven circumstellar material (Wyatt et al.
2018), to alien megastructures (Wright et al. 2016). Some ex-
planations such as recent cataclysmic dust-generating events
(Marengo et al. 2015), massive debris disks (Thompson et al.
2016), close-in obscuring material or YSO-like behavior
(Lisse et al. 2015), and instrumental effects (B16) have al-
ready been ruled out as explanations.

Corresponding author: Logan A. Pearce
loganpearce1@email.arizona.edu

The break-up of exocomets or planetesimals on eccentric
orbits was preferred given the observations (Thompson et al.
2016), although Bodman & Quillen (2016) showed this idea
does not fully explain all the dips, nor the apparent long term
dimming trend (Montet & Simon 2016). Simon et al. (2018)
showed the long-term dimming trend may be part of a more
complicated episodic dimming and brightening. Boyajian
et al. (2018) report post-Kepler observations that show con-
sistency with optically thin dust and intrinsic variations of the
star, while Martı́nez González et al. (2019) found no clear ev-
idence of comets and evidence for clumps of thick material
within the thin dust.

A faint possible companion star was observed at separa-
tion ρ = 1.95′′, position angle PA= 96.◦6, and ∆H =

3.840 ± 0.017 mag by B16, but given their single epoch of
imaging, were unable to determine if the two were physically
associated. B16 determined that blending with the object was
not a cause of the anomalous light curve, as its optical faint-
ness means even a 100% drop in its flux could not explain the
deepest dips seen in the Kepler light curve. The object’s sep-
aration translates to 880±10 AU at the distance of 451±5 pc
(Gaia Collaboration et al. 2018), meaning it would not be cur-
rently affecting the observed behavior of KIC 8462852 via
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tides or strong gravitational interactions with bodies at small
orbital radii. If it were a bound companion however, it might
affect other bound objects via long-term perturbations, and
could trigger a barrage of occulting objects inward towards
the host star.

Clemens et al. 2018 observed the system with the Mimir
near-infrared wide-field imager on the 1.8-m Perkins tele-
scope in 2017, and compared the relative astrometry of
the candidate companion to the 2014 Keck/NIRC2 observa-
tions reported in B16. They reported a tangential speed of
44.9±4.9 km s−1 for the candidate companion relative to
KIC 8462852, and concluded it is not a bound companion.
However, the seeing-limited resolution of their second-epoch
imaging was 1.3–1.5′′, so the companion was only resolved
at≤1.5 times the observational FWHM. This challenging ob-
servational fit could have been prone to a separation/contrast
degeneracy that affected the measured change in position.

In this work we use three epochs of Keck/NIRC2 astrome-
try spanning five years to revisit the status of the close com-
panion to KIC 8462852, and show that they are a common
proper motion pair and a gravitationally bound binary sys-
tem. We analyze two other faint objects in our images and
show that they are unassociated. In Section 2 we outline
our astrometric methods. In Section 3 we report relative
proper motions and demonstrate common (or lack of com-
mon) proper motion for the three candidate companions from
our astrometry and assess the probability of binarity. In Sec-
tion 4 we discuss implications of the presence of a wide stel-
lar companion for the KIC 8462852 system.

2. ANALYSIS

2.1. Observations

We obtained observations of the KIC 8462852 system us-
ing the near-infrared imaging camera NIRC2 coupled with
the natural guide star adaptive optics system (Wizinowich
et al. 2000) on the Keck-II telescope in 2014 (28 images),
2016 (13 images), and 2019 (10 images). The observa-
tions in 2014 (PI M. Liu) were obtained in K, H , and J

bands, and were used by B16 to confirm the existence of
KIC 8462852 B as a candidate companion. The observations
in 2016 and 2019 were obtained by our team (PIs Mann and
Huber) in the K ′-band filter, with the aim of testing whether
KIC 8462852 B is co-moving. In both 2016 and 2019, we
obtained observations with KIC 8462852 placed at two dis-
tinct orientations and dither positions. We deliberately du-
plicated the 2016 orientations and positions in 2019, with
the goal of enabling cross-epoch measurements of motion
that are independent of residual errors in the correction of
the camera’s static geometric distortion. In our subsequent
analysis, we henceforth treat each of the two dither positions
in 2016 and 2019 as an independent observation, denoted as
2016-1/2019-1 and 2016-2/2019-2, respectively.

All images used the narrow camera, with adaptive optics in
natural guide star mode, in position angle tracking mode. We
linearized each science and calibration frame in Python using
the methodology of the IDL task linearize nirc2.pro
1 (Metchev & Hillenbrand 2009), then dark-subtracted and
flat-fielded science frames in the standard manner. We
adopted bad pixel identifications from Kraus et al. (2016)
and replaced with the median of surrounding pixels, then
detrended spatially correlated readnoise from the mirrored
positions of each quadrant (Kraus et al., in prep).

Figure 1 displays a NIRC2 image from the 2019 epoch,
with the comoving binary companion marked as B, lo-
cated 1.95′′ to the east, and the two candidate companions
marked as cc1, 3.8′′ southwest, and cc2, 2.8′′ southwest.
KIC 8462852 B was visible at sufficient signal-to-noise for
astrometric analysis in all datasets; cc1 was sufficiently visi-
ble only in the K and K ′ bands at all three epochs; and cc2
was sufficiently visible only in the K ′ band in the 2016 and
2019 datasets.

2.2. Astrometry

We used the Gaussian PSF fitting routine described in
Pearce et al. (2019) to precisely measure the (x, y) pixel po-
sition and uncertainty of the four components in each im-
age. Details of the modeling and acceptance criterion are
described in Pearce et al. (2019) and applied in the same
manner to this data set. Briefly, we modeled the PSF of
the primary and candidate companion as the sum of two 2-
dimensional Gaussian functions and varied the model param-
eters through a custom Gibbs Sampler Markov Chain Monte
Carlo (MCMC) routine. We performed astrometric calibra-
tions for the primary and each of the three candidate compan-
ions for each step along the MCMC chains, including optical
distortion and plate scale error (Yelda et al. 2010; Service
et al. 2016), and differential aberration and atmospheric re-
fraction, then computed separation and position angle from
primary for each (x, y) position in the chains for each candi-
date companion. We took the mean and standard deviation of
the separation and position angle chains as the final value and
uncertainty in an image. Positions in each image are given in
Figures 3, 6, and 7 as filled circles, with the median error for
images in an epoch given by offset crosses. We computed a
weighted mean of image positions as the mean position in an
epoch, given by small crosses in those figures.

The geometric distortion solution for NIRC2 removes al-
most all of the distortion introduced by the telescope and in-
strument, but it does leave residual systematic uncertainties
of σs,pos ∼1 mas in the position measurements of individ-
ual sources, or σs ∼

√
2 mas in the relative astrometry be-

tween two sources. For a given detector location, any fur-

1 http://www.astro.sunysb.edu/metchev/ao.html
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Table 1. Keck/NIRC2 NGS AO Astrometry for KIC 8462852 candidate companions

Epoch MJD Filter Nimages Ncoadds tint Separationa Position Angleb ∆mc

(sec) (mas) (deg) (mag)

B
2014.79 56946.30 J 9 10 0.726 1952.78 ± 0.77 96.064 ± 0.014 3.884 ± 0.057
2014.79 56946.30 H 9 10 0.726 1952.69 ± 0.36 96.059 ± 0.010 3.704 ± 0.034
2014.79 56946.30 K 10 10 0.726 1952.61 ± 0.40 96.058 ± 0.013 3.525 ± 0.020
2016.72 Dither 1 57651.23 K′ 2 10 1.0 1950.64 ± 0.14 96.064 ± 0.004 3.640 ± 0.004
2016.72 Dither 2 57651.23 K′ 11 10 1.0 1951.07 ± 0.07 96.063 ± 0.004 3.638 ± 0.012
2019.44 Dither 1 58646.50 K′ 2 20 1.0 1951.63 ± 0.09 96.069 ± 0.004 3.632 ± 0.006
2019.44 Dither 2 58646.50 K′ 8 20 1.0 1951.88 ± 0.06 96.062 ± 0.004 3.626 ± 0.009

cc1
2014.79 56946.30 K 10 10 0.726 3871.5 ± 2.6 256.377 ± 0.042 5.77 ± 0.38
2016.72 Dither 1 57651.23 K′ 2 10 1.0 3863.2 ± 1.3 256.380 ± 0.015 6.11 ± 0.03
2016.72 Dither 2 57651.23 K′ 11 10 1.0 3862.0 ± 0.7 256.401 ± 0.007 6.07 ± 0.05
2019.44 Dither 1 58646.50 K′ 2 20 1.0 3850.1 ± 1.1 256.370 ± 0.012 6.23 ± 0.02
2019.44 Dither 2 58646.50 K′ 8 20 1.0 3848.3 ± 0.5 256.367 ± 0.008 6.24 ± 0.04

cc2
2016.72 Dither 1 57651.23 K′ 2 10 1.0 2785 ± 7 232.51 ± 0.02 7.15 ± 0.09
2016.72 Dither 2 57651.23 K′ 5 10 1.0 2788 ± 6 232.46 ± 0.05 7.04 ± 0.11
2019.44 Dither 1 58646.50 K′ 2 20 1.0 2761 ± 3 232.49 ± 0.03 7.26 ± 0.10
2019.44 Dither 2 58646.50 K′ 7 20 1.0 2763 ± 2 232.52 ± 0.03 7.44 ± 0.13

aErrors shown are the statistical error, corresponding to thick error bars on Figure 3, 6, and 7. Systematic error of 1.4 mas
applies to all separation measurements, corresponding to thin error bars.
bErrors shown are the statistical error. A systematic error applies to all position angle measurements which corresponds to 1.4

mas tangential angular distance at the object’s separation: 0.042◦ for B, 0.021◦ for cc1, 0.029◦ for cc2.
cErrors shown are the statistical error. We adopt a conservative systematic error of 0.05 mag to account for detector systematics.

NOTE— 0.029 deg = 1 mas tangential angular distance at the projected separation of B. Nimages is the number of images in each
epoch. tint is integration time per coadd. Some images were excluded from the astrometry of cc2 due to insufficient detection
of the object in those images.

ther residual error associated with that location (such as from
temperature variations and non-repeatable positioning of the
telescope/instrument optics) appears to be negligible across
a timescale of years when compared to the empirical scat-
ter seen within an individual epoch (.0.2 mas; Dupuy et al.
2016; Dupuy et al., in prep) It is therefore possible to achieve
substantial further improvement in the precision of relative
astrometric measurements if source positions and orienta-
tions can be duplicated in multiple epochs. Our observations
in 2019 replicated the two position/orientation arrangements
used in 2016, so we have encapsulated these systematic un-
certainties in the covariance matrix for the five epochs (2014,
2016-1, 2019-1, 2016-2, 2019-2):

C =


σ2

14 + σ2
s 0 0 0 0

0 σ2
16-1 + σ2

s σ2
s 0 0

0 σ2
s σ2

19-1 + σ2
s 0 0

0 0 0 σ2
16-2 + σ2

s σ2
s

0 0 0 σ2
s σ2

19-2 + σ2
s


where each diagonal term contains a contribution from the
statistical variance σ2

NN (estimated from the RMS of the
individual-image measurements at that epoch) as well as the
systematic variance σ2

s , and the systematic variance also con-
tributes to the off-diagonal terms for epochs that were taken
with the same source positions/orientations and hence share
a common systematic error.

In subsequent measurements of the χ2 goodness-of-fit
statistic, we then use its modified definition:
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χ2 = rT C−1 r

where r is the vector of residuals for the observations about
the model being tested and C−1 is the weight matrix corre-
sponding to the inverse of the observational covariance ma-
trix.

We computed a relative velocity using the scipy least
squares fitting function curve fit (Virtanen et al. 2020)
by fitting a linear function to the mean positions, weighted
with the weight matrix C−1. We also use this formulation
of the χ2 goodness-of-fit in the orbit fitting calculations pre-
sented in Section 3.1.2. We computed the contrast in each
filter as the mean and standard deviation of the flux ratio of
our analytical models in each image.

Table 1 displays the results of our relative astrometry and
photometry for the three candidate companions.

2.3. Stellar parameters

In Table 2 we summarize relevant properties of KIC 8462852 AB.
B16 found that the primary (F3V, M = 1.43 M�; Teff =

6750 ± 120 K) has a space velocity inconsistent with any
moving groups, and were unable to estimate an age.

The nearby companion, KIC 8462852 B, is comoving with
A (demonstrated in Section 3.1), so its stellar parameters are
also relevant to establish. In the absence of spectroscopic
followup, we adopt the spectral type of M2V estimated by
B16.

To update the stellar parameters for both components we
used isoclassify (Huber et al. 2017), with input con-
straints including Teff for the primary from B16, the 2MASS
K magnitude, Gaia DR2 parallax (corrected for the zeropoint
offset in the Kepler field, Zinn et al. 2019), a solar metallic-
ity prior with a width of 0.1 dex and the median measuredK ′

contrast in Table 1 with a conservative uncertainty account-
ing for errors in the synthetic fluxes (∆K ′ = 3.64 ± 0.05
mag). This procedure is essentially the same as in Kraus et al.
(2016), but with an improved stellar classification method
and a newer grid of MIST isochrones (Choi et al. 2016) sup-
plemented with the empirical relations by Mann et al. (2015)
and Mann et al. (2019) for low-mass stars, as described in
Berger et al. (2020). The resulting classification yields a self-
consistent classification of the primary and secondary assum-
ing both components have the same age and metallicity. We
estimate an isochronal age of∼1.2 Gyr, and the resulting up-
dated stellar parameters are listed in Table 2. Note that the
uncertainties do not account for systematic errors between
different model grids.

3. RESULTS

3.1. KIC 8462852 B

Our measured relative motion indicates that KIC 8462852
and its close, bright neighbor are a common proper motion

Table 2. System and Stellar Properties for
KIC 8462852 AB

Property Ref

Distance (pc) 451.0+4.9
−4.8 1

ρ (mas) 1951.48 ± 0.23 Sec 3.1
ρ (AU) 880 ± 10 2, Sec 3.1
PA (◦) 96.063 ± 0.004 Sec 3.1

KIC 8462852 A
Proper Motion µα=-10.422 ± 0.040 2

(mas yr-1) µδ=-10.288 ± 0.041 2
Luminosity (L�) 4.3 ± 0.3 Sec 2.3

Mass ( M�) 1.36 ± 0.05 Sec 2.3
Radius (R�) 1.51 ± 0.04 Sec 2.2

Teff (K) 6750 ± 120 3
SpT F3V 3

Age (Gyr) ∼1.2 Sec 2.3
J (mag) 10.763 ± 0.021 4
H (mag) 10.551 ± 0.019 4
K (mag) 10.499 ± 0.020 4

KIC 8462852 B
Mass ( M�) 0.44 ± 0.02 5, Sec 2.3
Radius (R�) 0.45 ± 0.02 Sec 2.3

Teff (K) 3720 ± 70 Sec 2.3
SpT M2V 3

References—(1) Bailer-Jones et al. (2018) (2) Gaia DR2
(Gaia Collaboration et al. 2016, 2018); (3) Boyajian
et al. (2016); (4) 2MASS (Skrutskie et al. 2006); (5)
Mann et al. (2019)

pair. We determined a relative motion in the plane of the sky
of ∆µ = 0.14 ± 0.44 mas yr−1 (∆µ = 0.3 ± 1.0 km s−1)
over the five year span of observations, which is consistent
with a bound companion. Figure 3 (left) displays the motion
of B relative to the primary. As discussed above, the 2016
epoch was obtained in two dither positions; we matched ob-
servations in 2019 to the same two positions on the detector
as 2016, to enable comparison. The change in position from
2016 to 2019 is consistent between images in the same dither
position (i.e. 2016-1 to 2019-1 is consistent with 2016-2 to
2019-2). Our astrometry is sufficiently precise that the differ-
ences between 2016 and 2019 could be due to orbital motion.
The 2014 epoch is offset from the others, most likely due
to the NIRC2 realignment which occurred in 2015 (Service
et al. 2016).



BOYAJIAN’S STAR B: THE CO-MOVING STELLAR COMPANION TO KIC 8462852 5

Figure 1. Keck/NIRC2 adaptive optics image of KIC 8462852 A, B, and candidate companions, shown in log stretch to emphasize the faint
candidate companions. The primary, KIC 8462852 A, is shown inside a linear stretched box to avoid saturation. The secondary, labeled B, is
located 2′′ to the east. The two candidate companions are labeled cc1 for the brighter companion, 3.8′′ southwest, and cc2, 2.8′′ southwest.

Figure 2. Data, model, and residual map of the primary (labeled
”A”), companion (labeled ”B”), and candidate companions (”cc1”
and ”cc2”) for one image from the 2019 dataset. The model shown
is built using the mean values of the parameter chains from the
MCMC fit for that image, and is shown with a square root stretch to
emphasize the faint residuals.

KIC 8462852 A and B are in Gaia EDR32 (Gaia Collab-
oration et al. 2020, 2016), which was released to the pub-
lic while this paper was under review. Gaia EDR3 reports
a total relative proper motion within 1-σ of our measured
value (0.44 ± 0.34 mas yr−1) and parallaxes for A and B
that are consistent to within their uncertainty. We continued
to use Gaia DR2 for some calculations such as stellar param-
eters due to independent validations and the Kepler field zero
point.

3.1.1. Tests for binarity

To test the level of consistency with co-movement, we
computed the χ2 goodness-of-fit for the specific cases of
the companion being a distant background object (zero ab-
solute proper motion) or completely co-moving (zero rela-
tive proper motion). Figure 3 (right) displays the common
proper motion of KIC 8462852 B with KIC 8462852 A.
Our measurements reject the null hypothesis that the object
is a non-moving background star with zero proper motion
(χ2

non−moving = 1060, χ2
co−moving = 25.6, for 4 degrees of

freedom). We interpret the disagreement with the zero rela-
tive proper motion case as likely due to orbital motion.

2 Source IDs: A: 2081900940499099136, B: 2081900944807842560,
cc1: 2081900944800715648



6 PEARCE ET AL.

We performed two additional statistical tests to assess the
probability of observing a non-bound star at the position, ve-
locity, magnitude, and parallax of the common proper mo-
tion candidate companion. First, we used a statistical ap-
proach similar to Sec. 4.5 of (Correia et al. 2006) to es-
timate the probability of chance alignment given the sur-
face density of similar objects in the vicinity. We queried
the Gaia EDR3 catalog for objects within a 30◦ radius of
KIC 8462852 A with proper motion within 1-σ of the Gaia
proper motion of KIC 8462852 A (µα = 10.4 ± 0.6 mas
yr−1, µδ = 10.3 ± 0.6 mas yr−1) and parallax within 1-σ
of KIC 8462852 A (±0.025 mas), in order to determine the
most conservative comparison. This returned 140 objects, a
surface density of Σ = 3.8×10−9 arcsec−2. The probability
of observing a field object within θ = 2′′ of KIC 8462852 A
is given as:

P (Σ, θ) = 1− e−πΣθ2 = 2.4× 10−8 (1)

Second, we factored in the known demographics of bi-
nary companions (i.e., the frequency, mass ratio distribution,
and semimajor axis distribution) by modifying the method
of Deacon et al. 2016, hereafter D16, Appendix A for dis-
tinguishing likely binary systems from chance alignments of
field stars. D16 Eqn A2 gives the probability of a pair being
a true binary pair rather than a coincident pair of field stars
as:

P =
φc

φc + φf
(2)

where φc and φf are densities for companion and field stars
respectively. While D16 considers the full range of binary
population, here we are only concerned with the binary frac-
tion that falls within the relevant parameter space, and so we
modified D16 Eqn A3 to:

φc = fbin×
1

A
× 1

∆m
×
[e−∆µ2/2σ2

µ

2πσ2
µ

]
×
[e−∆π2/2σ2

π

√
2πσπ

]
(3)

where ∆µ is relative proper motion in RA/DEC, ∆π is the
parallax difference, ∆m is the size of the magnitude bin
used for potential similar companions, A is the total area
of the separation bin used, and fbin is the binary compan-
ion fraction in those bins. Using the binary demographics of
Raghavan et al. 2010, we determined the binary fraction to
be fbin = 0.01 in a bin of ∆ρ = ±0.5 dex of log10 pro-
jected separation centered on the value for KIC 8462852 B,
and q = ±0.05 in mass ratio between KIC 8462852 AB. We
then estimated the corresponding apparent magnitude range
(δmG = ±0.6 mag) using the relations of Pecaut & Mama-
jek 20163. For φf , we performed a Gaia EDR3 query for all

3 Version 2019.3.22, accessed on 2021-01-06, from http://www.pas.
rochester.edu/∼emamajek/EEM dwarf UBVIJHK colors Teff.txt

objects within a radius from 50,000 AU (to exclude potential
companions) to 30◦ within the same magnitude bin, +/−0.5

mas yr−1 proper motion in RA and DEC, and +/−0.25 mas
in parallax, returning 132 objects. We computed the field
density as:

φf =
objects

A×∆m× (∆µ)2 ×∆π
(4)

We determined a density ratio of

P =
φc

φc + φf
= 0.999972

Given the extremely high density ratio for a binary
companion compared to a field star, and the extremely
small probability of chance alignment, we conclude that
KIC 8462852 AB is a binary system.

3.1.2. Test for orbital motion

Since KIC 8462852 B is a bound companion, we assume
that it follows a Keplerian orbit around the center of mass
of the system. An object on a circular, face-on orbit at
the current 880 AU separation and total system mass of 1.9
M� would have a velocity vcirc = 1.4 km s−1, and period
P = 18600 yrs. Our time baseline and measurement preci-
sion is therefore marginally capable of measuring linear or-
bital motion, but is very unlikely to yield a measure of ac-
celeration. Astrometric monitoring alone is unlikely to yield
a fit with well-constrained posteriors on the orbit elements,
though a refined measure of the linear motion might offer
meaningful limits on the joint values of some elements.

To verify this conclusion, we performed a fit to our astrom-
etry for Keplerian orbital elements using our custom imple-
mentation of the Orbits for the Impatient (OFTI) rejection
sampling algorithm (Blunt et al. 2017). OFTI is well-suited
to fit poorly constrained astrometric orbits with only small
orbit fractions observed for which a Markov Chain Monte
Carlo algorithm might not converge (Blunt et al. 2020). OFTI
is described in detail in Blunt et al. 2017, and our implemen-
tation in Pearce et al. 2019. In brief, OFTI generates a ran-
dom set of orbital elements from prior probability distribu-
tions, scales the semi-major axis and longitude of periastron
to match observations, computes a χ2 probability for each
scaled orbit, and accepts an orbit if the probability of the orbit
exceeds a randomly chosen uniform number on the interval
[0,1]. We used a total system mass of 1.9 ± 0.2 M�, based
on the the mass estimates on Table 2. We ran our OFTI fitter
until 100,000 orbits were accepted.

Figure 4 displays the posterior distributions for orbital ele-
ments, and periastron and apastron distances in our 100,000
orbit sample. The posterior distributions of orbital elements
are similar to priors and do not meaningfully constrain the or-
bit of KIC 8462852 B relative to A. We also note that the data

http://www.pas.rochester.edu/~emamajek/EEM_dwarf_UBVIJHK_colors_Teff.txt
http://www.pas.rochester.edu/~emamajek/EEM_dwarf_UBVIJHK_colors_Teff.txt
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did not rule out high eccentricity orbits with extreme values
of apastron and periastron, however the apparent prominence
of high eccentricity values is likely a reflection of the uniform
eccentricity prior. We do not interpret this fit to reveal any-
thing physically meaningful about the orbital elements due to
the poor constraint.

3.2. KIC 8462852 cc1

Figure 6 (left) displays the astrometry results for KIC 8462852
cc1. We measure a relative proper motion in the plane of the
sky of ∆µ = 5.0±0.7 mas yr−1 (∆µ = 10.4±1.5 km s−1),
which exceeds the circular velocity at that separation by 6σ
(vcirc ≈ 1 km s−1), and is not consistent with being a bound
companion. Figure 6 (right) shows that its relative motion
is not consistent with being bound, nor with a non-moving
background star. In testing for co-movement, our measure-
ments fail to reject the null hypothesis that the object is a
non-moving background star, yet neither is it consistent with
being co-moving (χ2

non−moving = 500, χ2
comoving = 250).

Additionally, we performed a search of all objects in Gaia
DR2 within 0.5◦ of KIC 8462852 A, displayed in Figure 5,
with our three candidate companions. While the proper mo-
tion of KIC 8462852 AB is distinct from the majority, cc1 is
similar to the other objects with chance alignment. We con-
clude it is most likely a star with similar space velocity and a
chance alignment.

3.3. KIC 8462852 cc2

Figure 7 (left) displays the astrometry results for KIC 8462852
cc2. We measure a relative proper motion in the plane of the
sky of ∆µ = 11.9 ± 2.5 mas yr−1 (∆µ = 25.2 ± 5.2

km s−1), which exceeds the circular velocity at that sep-
aration by > 5σ (vcirc ≈ 1.2 km s−1), and is not consis-
tent with being a bound companion. Figure 7 (right) shows
that its relative motion is more consistent with zero proper
motion than with zero relative motion. Our measurements
more strongly support that it is a background object than
co-moving, but are not consistent with being completely
non-moving (χ2

non−moving = 150, χ2
comoving = 1670). The

motion of cc2 is consistent with the majority of nearby ob-
jects, shown in Figure 5. The Gaia DR2 objects have a mean
proper motion of 4.8 mas yr−1, within 1σ of cc2’s absolute
proper motion of 5.1±2.4 mas yr−1. We conclude that cc2 is
an unassociated, distant object that is aligned by chance.

4. DISCUSSION

Given the current 880AU projected separation of KIC 8462852 B,
it is unlikely to be currently directly influencing the light
curve of KIC 8462852 A. However, the binary companion
may influence the long-term evolution of the system. Sim-
ulations of wide binary systems have found the Milky Way
galactic potential and stellar flybys have significant effect on
these systems. Kaib et al. (2013) found that wide binaries

pass through phases of very low pericenter distances (∼100
AU) several times over the course of 10 Gyr due to galactic
tides and passing stars, which propagate to disrupting ec-
centricities of planets and small bodies around one of the
stars. Correa-Otto et al. (2017) found a similar result using
an analytic model of the galactic potential. Correa-Otto &
Gil-Hutton (2017) built on this numerically to find that a
common configuration after 10 Gyr is high eccentricity with
semi-major axis from 2000-5000 AU, regardless of the initial
orbital configuration. Bazsó & Pilat-Lohinger (2020) found
that secular resonances can arise in the habitable zone of stars
in binaries even wider than 1000AU if there is also a giant
planet present, and the effect of the galactic tide and stellar
flybys can push the habitable zone into a high-eccentricity
or chaotic state. There are many combinations of parameter
space for which there are not stable orbits, and bodies are
disrupted due to secular and mean motion resonances, with
significant areas of chaotic orbits. If the secondary’s peri-
center is on the move as suggested by Kaib et al. (2013),
disruption of objects in formerly stable orbits is possible as
the location of resonances change, as has also been investi-
gated by Bancelin et al. (2019) and Zakamska & Tremaine
(2004).

The prospect of long-term orbital evolution for wide bi-
naries suggests that KIC 8462852 B may play a role in the
evolution and disruption of stable orbits of objects around
the primary. Given the estimated age of this system, this
binary may have already undergone at least one phase of
close pericenter passage, commonly occurring around 1 Gyr
(Kaib et al. 2013). Our astrometry does not prohibit high-
eccentricity/low-pericenter orbits for the binary currently. A
current or recent low-pericenter phase could excite the ec-
centricities of planets around A, and disrupt small bodies in
the system. Further astrometric monitoring will continue to
improve the picture of the potential influence of the binary
on the system.

We have shown that the pair are not a chance alignment of
unassociated stars, but we cannot yet confirm that they follow
a bound Keplerian orbit. It remains possible KIC 8462852 B
is a recently ejected star, which which could explain the ap-
parent chaos in the system. However testing this would re-
quire a longer astrometric time baseline and a firm measure-
ment of whether high-eccentricity orbits are preferred or dis-
allowed. It is also possible that the stars are separate mem-
bers of the same moving group that have remained in close
proximity over time. However, Figure 5 and our analysis in
Section 3.1.1 show that there are very few objects with sim-
ilar proper motions in the vicinity. In Gaia EDR3 the clos-
est object with similar proper motion and parallax beyond
KIC 8462852 B is two orders of magnitude further in separa-
tion, and in Section 3.1.1 we found a density of ρ = 9 objects
(mas yr−1)−2 · mas−1 · degree−2 with similar parameters to
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Figure 3. Left: Change in relative astrometry for KIC 8462852 B in separation (y-axis) and angular direction (x-axis) in individual images
(circles) and mean values for each epoch (crosses). Epochs 2016 and 2019 dither positions are reported as separate observations. Thick
crosses show statistical uncertainty, thin crosses show systematic uncertainty. Crosses to the left display the median error in individual image
measurements. We measure a total relative velocity of µ = 0.14 ± 0.44 mas yr−1, which is consistent with zero. Right: Observed position of
KIC 8462852 B (circles, error bars smaller than marker size) with expected motion if it were a background star (black track, crosses indicate
expected position at observation times). KIC 8462852 B displays common proper motion with KIC 8462852 A, consistent with a bound
companion.

Figure 4. Orbital parameter posterior distributions for KIC 8462852 B. Posterior distributions on eccentricity, inclination, and argument of
periastron are similar to priors shown in orange. Semi-major axis and longitude of nodes have no prior due to the scale-and-rotate process of
OFTI (see Blunt et al. 2017), while T0, periastron, and apastron are derived from orbital parameters.

KIC 8462852 B. Given the 1.2 Gyr age of the system, the
population that it formed in should be well dispersed, which
is born out by Gaia astrometry. Given the small projected
separation (ρ = 880 AU), we conclude that this explanation
is unlikely.

5. CONCLUSION

We have shown that KIC 8462852 B is a common proper
motion pair, and extremely likely to be a gravitationally
bound companion to KIC 846285 A using astrometry from
Keck/NIRC2 imaging spanning five years. The relative ve-
locity is consistent with zero during this period. The time
baseline was not long enough to provide meaningful con-
straints to the pair’s orbit, however our analysis shows that
they do represent a wide binary pair rather than chance align-
ment of field stars. We have also shown that two other objects

in imaging data are not associated. Although it has not been
thought to be a likely explanation for Boyajian’s Star A’s light
curve, it is a potential source of instability in the long-term
evolution of the system, and could excite chaotic orbits of ob-
jects in the system. Efforts to explain KIC 8462852 A’s dim-
ming events should be informed by the existence of a wide
stellar binary companion to the system.
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Figure 5. The absolute proper motions of KIC 8462852 A, B, cc1,
and cc2, and objects in Gaia DR2 in a 0.5◦ cone search around the
position of KIC 8462852 A. The proper motion for cc1 and cc2 are
consistent with the motion of nearby stars with chance alignment.
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Figure 6. Left: Relative astrometry for KIC 8462852 cc1 in individual images (circles) and mean values in each epoch (crosses). Thick
crosses show statistical uncertainty, thin crosses show systematic uncertainty. Crosses to the left display the median error in individual image
measurements. We measure a total relative velocity of µ = 5.0± 0.7 mas yr−1. Epochs 2016 and 2019 dither positions are reported separately.
Right: Observed position of KIC 8462852 cc1 (circles) with expected motion if it were a background star (black track, crosses indicate expected
position at observation times). The relative motion of KIC 8462852 cc1 is not consistent with being a bound companion. It is likely a star with
similar space velocity and chance alignment.

Figure 7. Left: Relative astrometry for KIC 8462852 cc2 in individual images (circles) and mean values in each epoch (crosses). Statistical
uncertainty dominates systematic uncertainty for this object. Crosses to the left display the median error in individual image measurements. We
measure a total relative velocity of µ = 11.9 ± 2.5 mas yr−1. Right: Observed position of KIC 8462852 cc2 (circles) with expected motion
if it were a background star (black track, crosses indicate expected position at observation times). The relative motion of KIC 8462852 cc2 is
consistent with an unbound field object.
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Astrophysical Journal, 853, 77.

http://adsabs.harvard.edu/abs/2018ApJ...853...77S

Skrutskie, M. F., Cutri, R. M., Stiening, R., et al. 2006, The

Astronomical Journal, 131, 1163.

http://adsabs.harvard.edu/abs/2006AJ....131.1163S

Thompson, M. A., Scicluna, P., Kemper, F., et al. 2016, Monthly

Notices of the Royal Astronomical Society, 458, L39.

http://adsabs.harvard.edu/abs/2016MNRAS.458L..39T

Virtanen, P., Gommers, R., Oliphant, T. E., et al. 2020, Nature

Methods, 17, 261, number: 3 Publisher: Nature Publishing

Group. https://www.nature.com/articles/s41592-019-0686-2

Wizinowich, P., Acton, D. S., Shelton, C., et al. 2000, Publications

of the Astronomical Society of the Pacific, 112, 315

Wright, J. T., Cartier, K. M. S., Zhao, M., Jontof-Hutter, D., &

Ford, E. B. 2016, The Astrophysical Journal, 816, 17.

http://adsabs.harvard.edu/abs/2016ApJ...816...17W

Wright, J. T., & Sigurdsson, S. 2016, The Astrophysical Journal

Letters, 829, L3.

http://adsabs.harvard.edu/abs/2016ApJ...829L...3W

Wyatt, M. C., van Lieshout, R., Kennedy, G. M., & Boyajian, T. S.

2018, Monthly Notices of the Royal Astronomical Society, 473,

5286. http://adsabs.harvard.edu/abs/2018MNRAS.473.5286W

Yelda, S., Lu, J. R., Ghez, A. M., et al. 2010, The Astrophysical

Journal, 725, 331.

http://adsabs.harvard.edu/abs/2010ApJ...725..331Y

Zakamska, N. L., & Tremaine, S. 2004, AJ, 128, 869

Zinn, J. C., Pinsonneault, M. H., Huber, D., & Stello, D. 2019,

ApJ, 878, 136

http://adsabs.harvard.edu/abs/2016MNRAS.455.4212D
http://adsabs.harvard.edu/abs/2016ApJ...817...80D
http://adsabs.harvard.edu/abs/2016A%26A...595A...1G
http://adsabs.harvard.edu/abs/2018A%26A...616A...1G
https://doi.org/10.1038/s41586-020-2649-2
http://adsabs.harvard.edu/abs/2016AJ....152....8K
http://adsabs.harvard.edu/abs/2015ApJ...815L..27L
http://adsabs.harvard.edu/abs/2019ApJ...871...63M
http://adsabs.harvard.edu/abs/2015ApJ...814L..15M
http://adsabs.harvard.edu/abs/2016ApJ...830L..39M
http://adsabs.harvard.edu/abs/2010ApJS..190....1R
http://adsabs.harvard.edu/abs/2016PASP..128i5004S
http://adsabs.harvard.edu/abs/2018ApJ...853...77S
http://adsabs.harvard.edu/abs/2006AJ....131.1163S
http://adsabs.harvard.edu/abs/2016MNRAS.458L..39T
https://www.nature.com/articles/s41592-019-0686-2
http://adsabs.harvard.edu/abs/2016ApJ...816...17W
http://adsabs.harvard.edu/abs/2016ApJ...829L...3W
http://adsabs.harvard.edu/abs/2018MNRAS.473.5286W
http://adsabs.harvard.edu/abs/2010ApJ...725..331Y

