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1 | INTRODUCTION

Abstract

We present the latest results of our ongoing multiplicity study of (Community)
TESS Objects of Interest, using astro- and photometric data from the ESA-Gaia
mission, to detect stellar companions of these stars and to characterize their
properties. In total, 107 binary, 5 hierarchical triple star systems, as well as
one quadruple system were detected among 585 targets surveyed, which are all
located at distances closer than about 500 pc around the Sun. As proven with
their accurate Gaia EDR3 astrometry, the companions and the targets are located
at the same distance and share a common proper motion, as it is expected for
components of gravitationally bound stellar systems. The companions exhibit
masses in the range between about 0.09 M and 4.5 M and are most frequently
found in the mass range between 0.15 and 0.6 M. The companions are sepa-
rated from the targets by about 120 up to 9,500 au and their frequency is the
highest and constant within about 500 au while it continually decreases for
larger separations. Beside mainly early to mid M dwarfs, also five white dwarf
companions were identified in this survey, whose true nature was revealed by
their photometric properties.

KEYWORDS

binaries: visual, white dwarfs, stars: individual (TOI2092B, TOI2127B, CTOI253040591B,
CTOI341411516B, CTOI1369376388C)

to explore the multiplicity of (Community) TESS Objects
of Interest (CTOIs), i.e. stars, which are photometrically

In 2020, we have initiated a new survey at the Astrophysi-
cal Institute and University Observatory Jena with the goal

This research is based on observations made with the NASA/ESA
Hubble Space Telescope, obtained from the Space Telescope Science
Institute, which is operated by the Association of Universities for
Research in Astronomy, under NASA contract NAS 5-26555. These
observations are associated with the program 14260.

monitored by the Transiting Exoplanet Survey Satellite
(TESS, Ricker et al. 2015) and exhibit promising dips in
their light curves, that could be caused by potential exo-
planets, which revolve around these stars.

In our survey stellar companions of (C)TOIs are
detected and their properties are determined with astro-
and photometry, originally taken from the 2nd data release
(Gaia DR2 from hereon, Gaia Collaboration et al. 2018)
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of the ESA-Gaia mission. The first results of the sur-
vey were presented by Mugrauer & Michel (2020),
who have already explored the multiplicity of about
1,400 (C)TOIs, which were all listed in the (C)TOI
release of the Exoplanet Follow-up Observing
Program for TESS (ExoFOP-TESS)! by the end of May
2020. In the meantime, several of these (C)TOIs, which
were revealed as members of multiple star systems in
the course of our survey, could already be confirmed by
follow-up observations to be exoplanet host stars, e.g. TOI
451, 1098, 1259, and 1333 (Martin et al. 2021; Newton
et al. 2021; Rodriguez et al. 2021; Tofflemire et al. 2021).

Due to the successful execution of the TESS mission
and the photometric analysis of its data the number of
(C)TOIs and hence the number of targets of our survey is
continuously growing. Since the end of May 2020 many
hundreds of new (C)TOIs have been announced by the
ExoFOP-TESS and we could already investigate the multi-
plicity of these stars, which is presented in this paper.

In the following section, we describe in detail the prop-
erties of the selected targets, as well as the search for
companions around these stars. In Section 3, we present all
(C)TOIs with detected companions and characterize the
properties of these stellar systems. A summary of the cur-
rent status of our survey and an outlook for the project are
given in the last section of this paper.

2 | SEARCH FOR STELLAR
COMPANIONS OF (C)TOIS BY
EXPLORING THE GAIA EDR3

In contrast to Mugrauer & Michel (2020), the search for
companions, presented here, uses astro- and photometric
data from the early version of the 3rd data release (Gaia
EDR3 from hereon, Gaia Collaboration et al. 2020) of the
ESA-Gaia mission, which was just recently published on
December 3, 2020. The Gaia EDR3 is based on data, which
could be collected with the instruments of the ESA-Gaia
satellite during the first 34 months of its mission. This data
release contains astrometric solutions, i.e. positions («, §),
parallaxes =z, and proper motions (u,cos(8), us) of about
1.5 billion sources down to a limiting magnitude of 21
mag in the G-band, i.e. white light observations, tak-
ing advantage of the full spectral response of the uti-
lized CCD-detectors. Parallaxes are determined with an
uncertainty in the range of about 0.02 milliarcsec (mas)
for bright (G<15 mag, with a lower magnitude limit
of G~1.7 mag) up to 0.5 mas for faint (G = 20 mag)
detected sources. Proper motions are measured with an

1Online available at: https://exofop.ipac.caltech.edu/tess/view_toi.php
https://exofop.ipac.caltech.edu/tess/view_ctoi.php

uncertainty of about 0.02 mas year—! for bright objects,
which increases up to 0.6 mas year™! at G = 20 mag. In
addition, for all sources their G-band magnitude is given
with a photometric precision in the range between about
0.3 millimagnitude (mmag) for the brightest and 6 mmag
for faint sources.

In the survey, presented here, stellar companions of
the investigated (C)TOIs are identified at first as sources,
which are located at the same distances as the targets,
and secondly share a common proper motion with these
stars. In order to clearly detect co-moving companions
and prove their equidistance with the (C)TOIs, only
sources are taken into account in this survey, which are
listed in the Gaia EDR3 and exhibit significant measure-
ments of their parallaxes (z/c(z) > 3) and proper motions
(u/o(u) > 3). Thereby sources with a negative parallax are
neglected.

As this survey was originally based on data of the Gaia
DR2, which exhibits a typical parallax uncertainty of 0.7
mas for faint sources down to G = 20 mag, the survey
is constrained to (C)TOIs within 500 pc around the Sun
(i.e. # > 2 mas), to assure n/c(x)> 3 even for the faintest
detectable companions. This distance constraint is slightly
relaxed to 7 + 36(x) > 2 mas, i.e. taking into account also
the parallax uncertainty of the (C)TOIs. Although from
now on data from the Gaia EDR3 are used, which has
smaller parallax uncertainties, we will keep for the survey
the chosen distance constraint for continuity reasons.

Between the end of May and the beginning of Decem-
ber 2020, in total 585 stars were added to the (C)TOI release
of the ExoFOP-TESS, which fulfill this distance constraint,
and therefore were selected as new targets of our survey.
The target selection did not take into account (C)TOIs with
dips in their light curves, which could already be classi-
fied as false positive detections by follow-up observations,
carried out in the course of the ExoFOP-TESS. Further-
more, (C)TOIs which are confirmed exoplanet host stars,
whose multiplicity was already studied with Gaia data
by Mugrauer (2019) or Michel & Mugrauer (2021), were
excluded as targets as well.

The histograms of the properties of all selected
targets are summarized in Figure 1. The distances
(dist) and the total proper motions (u) of the targets
were derived with their accurate Gaia EDR3 parallaxes
(dist[pc] = 1000/z[mas]) and proper motions in right
ascension and declination. The G-band magnitudes of all
targets were taken from the Gaia EDR3, their masses and
effective temperatures (Tef) from the Starhorse Catalog
(SHC from hereon, Anders et al. 2019), respectively.

The targets are located at distances between about
10 and 550 pc and exhibit proper motions in the range
between about 1 and 1,650 mas year™!, G-band magnitudes
from 4.7 to 17 mag, effective temperatures from about
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FIGURE 1

2,900 up to 14,200K, and masses, which range between
about 0.2 and 4.8 M.

According to the cumulative distribution functions of
the individual properties, the targets are most frequently
located at distances between about 100 and 250 pc and
have proper motions in the range between about 10 and 30
mas year~!, as well as G-band magnitudes from G = 10 to
13 mag. The targets are mainly solar like stars with masses
in the range between 0.9 and 1.2 M. This population also
emerges in the T distribution of the targets at intermedi-
ate temperatures of about 5,900 and 6,400 K. In addition,
another but fainter pile-up of targets is evident in this dis-
tribution at lower effective temperatures between about
3,000 and 4,900 K, which is the early K to mid M dwarf
population.

As defined and described in Mugrauer & Michel (2020)
our survey is limited to companions with projected sep-
arations up to 10,000 au, which guarantees an effective
companion search on one side but also detects the vast
majority of all wide companions of the selected targets.
This results in an angular search radius for companions
around the targets of r[arcsec] = 10z[mas], with z the Gaia
EDR3 parallaxes of the (C)TOlIs.

All sources, listed in the Gaia EDR3, which are located
within the used search radius around the targets and
exhibit significant parallaxes and proper motions are con-
sidered as companion-candidates. In total, 36,132 such
objects were detected around 518 targets, investigated in
the course of this survey. The companionship of all these
candidates was tested based on their accurate Gaia EDR3
astrometry and that of the associated (C)TOIs, exactly
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The histograms of the individual properties of all targets

following the procedure, as described in Mugrauer &
Michel (2020). The vast majority of these sources (>99.7%)
could be excluded as companions, as they do not share
a common proper motion with the (C)TOIs and/or are
not located at the same distances as these stars. In con-
trast, for 119 candidates the companionship to the (C)TOIs
could clearly be proven with their accurate Gaia EDR3
astrometry. The properties of these companions and of
the associated (C)TOIs are described in detail in the next
section of this paper.

3 | (C)TOIS AND THEIR
DETECTED STELLAR COMPANIONS

The masses, effective temperatures, and absolute G-band
magnitudes of the (C)TOIs with detected companions, pre-
sented here, are all listed in the SHC and we plot these stars
in the Tesf — Mg diagram, which is shown in Figure 2. For
comparison, we plot in this diagram the main sequence
from Pecaut & Mamajek (2013).2

The vast majority of all targets with detected compan-
ions are main-sequence stars. Few (C)TOIs are located
(significantly) above the main sequence and all of these
stars exhibit surface gravities log(g[cm/s~2]) < 3.8, as listed
in the SHC, hence they are classified as (sub)giants.

The parallaxes, proper motions, apparent G-band mag-
nitudes, and extinction estimates of the (C)TOIs and their

2Online available at: http://www.pas.rochester.edu/~emamajek/
EEM_dwarf UBVIJHK_colors_Teff.txt
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FIGURE 2 The Teg-Mg diagram of all (C)TOIs with detected
companions, presented here. The main sequence is shown as gray
dashed line. (C)TOIs, listed in the SHC with surface gravities
log(glcm/s~2]) < 3.8, are illustrated as red circles, those with larger
surface gravities with black circles, respectively

companions, detected in this survey, are summarized in
Table 1, which lists in total, 107 binary, and 5 hierarchi-
cal triple star systems. In the case of CTOI 105850602
(alias HD 146759), which is shown in Figure 3, beside its
close binary companion CTOI 105850602 CD, located at
an angular separation of about 29 arcsec (~3,600 au of pro-
jected separation), whose two components are resolved by
Gaia, the star also exhibits a close companion-candidate
(p ~ 0.3 arcsec), whose relative astrometry is listed for two
observing epochs in the Washington Double Star Catalog
(WDS from hereon, Mason et al. 2001). The companion
was observed in 2008 at p = 0.3 arcsec & PA = 136°, and
in 2014 at p = 0.3 arcsec & PA = 132°, respectively. Adopt-
ing that this candidate is a non-moving background star,
in 2014 we would have expected the object to be located at
p=0.35arcsec & PA =96.4°, based on its 1st epoch astrom-
etry and the accurate Gaia EDR3 parallax and proper
motion of the CTOI. Because the companion exhibits a
constant angular separation in both observing epochs and
in particular its position angle does not decrease by about
40° between both observing epochs, as expected for a
non-moving background source, we conclude that this
candidate is a co-moving companion of CTOI 105850602.
Therefore, this CTOI is actually the primary component of
a stellar quadruple system.

For all detected companions, we determined their
angular separation (p) and position angle (PA) to the asso-
ciated (C)TOlIs, using the accurate Gaia EDR3 astrometry
of the individual objects. The obtained relative astrome-
try of the companions is listed in Table 2, together with its
uncertainty, which remains below about 1 mas in angular
separation, and 0.03° in position angle, respectively.

The parallax difference Az between the (C)TOIs and
their companions together with its significance sig-Ax was
calculated (in addition also by taking into account the
astrometric excess noise of the individual objects) and is
summarized in Table 2. In the same table for each com-
panion, its differential proper motion u. relative to the
associated (C)TOI is listed with its significance, as well as
its cpm-index?

The parallaxes of the individual components of the stel-
lar systems, presented here, do not significantly differ from
each other (sig-Ax < 3), when the astrometric excess noise
is taken into account. This clearly proves the equidistance
of the detected companions with the (C)TOls, as expected
for components of physically associated stellar systems.
Furthermore, the vast majority of the detected compan-
ions (more than 96% of all) exhibit a cpm-index > 10 and
all companions reach a cpm-index > 5. Hence, the detected
companions and the associated (C)TOIs clearly form com-
mon proper motion pairs, as expected for gravitationally
bound stellar systems.

The equatorial coordinates, as well as the derived abso-
lute G-band magnitudes, projected separations, masses,
and effective temperatures of all detected companions are
summarized in Table 3.

The absolute G-band magnitudes of the companions
are taken from the SHC if available, or were derived
with their apparent G-band photometry and the paral-
laxes of the (C)TOIs from the Gaia EDR3, as well as
the Apsis-Priam G-band extinction estimates, listed in the
Gaia DR2. Thereby, always the extinction estimates of the
companions if available, otherwise those of the (C)TOIs
were used. For systems with no G-band extinction esti-
mates, listed for any of their components, we have used
the extinction estimates of the (C)TOIs from the SHC
if available or from the Starhorse catalog for five sur-
veys (Queiroz et al. 2020), indicated with the SHC and
SHC5 flag in Table 1, respectively. Thereby, V-band extinc-
tions given in these catalogues were transformed to the
G-band using the relation Ag/Ay = 0.77, as determined by
Mugrauer (2019).

The projected separations of all companions were
derived from their angular separations to the associated
(C)TOIs and the parallaxes of these stars.

The masses and effective temperatures of all detected
companions, presented here, including their uncertain-
ties, are taken from the SHC if available, which applies to
about 70% of all companions. In Figure 4, we plot these
companions in a Teg-M diagram, together with the com-
panions for which Apsis-Priam estimates of their effective

3The degree of common proper motion of a detected companion with
the associated (C)TOI is characterized by its common proper motion
(cpm) index, as defined in Mugrauer & Michel (2020).



MUGRAUER AND MICHEL Astronomische
Nachrichten
TABLE 1 This table summarizes for all (C)TOIs (listed at first) and their detected companions their Gaia EDR3 parallaxes =,

proper motions u in right ascension and declination, astrometric excess noises epsi, G-band magnitudes, as well as the used
Apsis-Priam G-band extinction estimates Ag or if not available the G-band extinctions, as listed either in the SHC or in the SHCS5,

indicated with SHC and SHC5, respectively

Hacos(5)

TOI n« (mas) (mas year™!) us (masyear™!) epsi(mas) G (mag) Ag (mag)

1937A  24113+£0.0108 ~ —5.627+0.013  11.309 +0.013 0.027 13.0048 +£0.0028  0.3990*72%0

1937B  2.3514+0.0891  —5.387+0.104  11.349+0.096 0.373 17.6530 + 0.0034

1940 A 3.7497+£0.0177  4.967+0.021 —2.265+0.016 0.097 9.8591+0.0028  0.3259*22°2  sHC
1940B  2.9986+0.1211  4.181+0.152 —0.663 +0.161 0.712 13.0511 +0.0045

1943 A 7.6634+0.0125  —91.364+0.012 —24.450+0.014  0.025 10.6662+0.0028  0.2485*00%2

1943 B 7.5589+0.0458  —92.307+0.045 —24.881+0.057  0.397 14.6400 + 0.0031

1946 A 3.9857+0.1243  —32.551+0.126 —20.338+0.124 0918 8.7606 +0.0028  0.1566*022%  sHC
1946 B 3.3840+0.1615  —26.909+0.176 —20.078+0.132  0.952 12.7681 +0.0034

1953 A 3.7995+0.0314  —6.971+0.036  —3.961+0.031 0.223 9.8517+0.0028  1.2685+005%

1953B  3.8352+0.1079  -7.352+0.133  -3.312+0.107 0311 17.5745 +0.0033

1964 A 2.5086+0.0198  —19.280+0.022 3.241+0.016 0.136 11.1381£0.0028  0.0105*3702  SHC
1964B  2.4861+0.0628  —19.105+0.066 3.314+0.057 0.237 16.5546 + 0.0036

1966 A 3.7310+0.0380  —39.460+0.037  1.372+0.046 0.285 9.3827+0.0028

1966 B 3.3062+0.0196  —38.402+0.020 1.287+0.025 0.000 14.0628 £0.0028  0.7567*73°%

1970 A 2.4254+0.0365  —19.008+0.029 —0.431+0.028 0.317 11.3380+0.0028  0.8230*)7710

1970 B 2.4923+0.0828  —19.215+£0.066 —0.414+0.070  0.000 17.3905 +0.0029

1972A  5.0597+0.0123  —9.982+0.013  34.161+0.014 0.056 10.1464 +0.0028

1972B  5.0479+0.0115  —9.781+0.013  33.776 +0.013 0.050 10.6799 +0.0028  0.0780*023%6

1984 A 4.0450+£0.0135  —12.779+0.010 —24.344+0.011  0.083 10.7127 £0.0028  0.0260*)1%4

1984B  4.0759+02280  —12.242+0.172 -24.758+0.172  0.905 18.1146 + 0.0081

1992A  2.6006+0.0153  0.481+0.012 -7.645+£0.014  0.099 10.8569 +0.0028

1992B  2.6098+0.0234  0.092+0.020 ~7.758 +£0.022 0.204 11.3123+£0.0028 049671032

2001 A 22236+0.0196  —2.694+0.024  2.659+0.024 0.185 9.1756 £0.0028  0.30327032%  SHC
2001B  24396+0.0925  —3.651+0.108  3.820+0.227 0.649

2006 A 2.0109+0.0117  8.281+0.015 22.092+0.013 0.045 9.9077 +0.0028

2006 B 1.9621+0.0159  7.662+0.017 22.363 £0.019 0.079 13.1132+0.0028  0.4653*)12%

2009A  48.6807+0.0323 103.168+£0.036  —490.281+£0.025 0.161 8.0339+0.0028

2009B  48.7040+0.0478  96.607+0.049  —495.495+0.035 0.315 12.6158 £0.0028  0.3915*015

2033A  3.5400+0.0118  24.900+0.010  —2.831+0.012 0.054 9.7429 +0.0028

2033B  3.5679+0.0118  24.779+0.010  —2.912+0.012 0.062 10.6656 +0.0028  0.6020*23%16

2036 A 4.4161+0.0173  —17.432+0.014 15230+0.013 0.121 9.3132+0.0028  1.1860*)7%

2036 B 4.3064+0.0662  —16.975+0.063  14.628 +0.060 0.336 16.3031 +0.0042

2050 A 8.7474+0.0114  20.878+0.013  2.096+0.013 0.086 10.1196 +0.0028

2050 B 8.6148+0.0366  23.547+0.042  6.240+0.039 0.403 13.6954+£0.0028  0.3630*07510

2056 A 10.7827+0.0191  —98.730+0.017  —9.845+0.019 0.139 7.6570+£0.0028  0.1313701%)7  SHC

—-0.1313
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TABLE 1 Continued
Hacos(5)
TOI « (mas) (mas year™!) ps (masyear—') epsi(mas) G (mag) Ag (mag)
2056 B 10.7935+£0.0175 —96.775+£0.016 ~ —10.659+0.018  0.147 12.3521 +0.0030
2068 A 18.8696+0.0131 —197.943+£0.013 —6.062+0.013  0.097 12.2109 +0.0028
2068 B 18.8558 +0.0144 —200.442+0.015 —7.292+0.015  0.116 124366 +0.0028  0.3745707°1
2072 A 25.6289+£0.0192 —184.967+£0.022 —87.241+0.023  0.169 12.6971 +0.0028
2072B  25.5547+0.0192 —184.594+0.021 —92.030+0.023  0.143 13.6121 £0.0028  0.1350701149
2084 A 8.7499+0.0166  47.731+0.018 36.756 +0.019 0.000 14.3890+0.0028  0.021070 1170
2084B  8.7935+£0.7475  49.097+0.825  38.893+£0.967 1.419 20.6793 +0.0093
2092 A  5.6461+0.0133  96.066 +0.011 -29.136+0.014  0.110 11.0975+0.0028  0.113770977
2092B  4.1900+0.7059  96.657+£0.693  —30.618+£0.776  1.273 19.4080 +0.0092
2094 A 199111%0.0129 -55.300+£0.016 ~ —0.125+0.017  0.072 13.4332+£0.0028  0.3315%)¢
2094B  20.0622+0.1183 —54.380+0.154  1.269+0.150 0.896 18.0302 +0.0033
2106 A 8.3310+0.0136  —28.444+0.011  —63.918+0.013  0.103 10.3233+£0.0028  0.1190*000%0
2106 B 8.4985+0.4626  —25.845+0.384  —60.689+0.403  4.903 14.2890 + 0.0047
2108 A 3.9652+0.0149  —0.348+0.013  7.484+0.014 0.106 10.5998 +:0.0028  0.4700*05%0
2108B  3.9693+£0.0541  —0.694+0.110  8.224+0.046 0.330 12.8030 +0.0034
2113A  3.9296+£0.0172  —2.477+0.020  —63.678+0.025  0.182 10.9145 +0.0028
2113B  3.9522+0.0240  —2.283+0.027  —62231+0.036  0.255 11.2621£0.0029  0.044570013  sHC
2115A 4.6375+0.0252  —5432+0.019  9.584+0.027 0.216 8.4507 +£0.0028  0.7949*03%1  spC
2115B  5.0970£0.1099  —4.066+0.079  9.996 +0.204 0.698
2127 A  6.1863+0.0093  —14.002+0.009 —36.751+0.011  0.052 12.3582+0.0028 0.230370%%8
2127B 64227402978  —14.782+0.261  —35939+0.356  1.378 18.9491 +0.0058
2128 A 27.2686+0.0151 —161.884+£0.016 —42.106+0.017  0.140 7.0810£0.0028  0.0685*)(5
2128 B 27.2456£0.0397 —165.242+£0.046 —44.975+0.043  0.462 13.0419 +0.0028
2144 A 9.4696+0.0112  74.073+£0.014  77.519+0.013 0.084 10.3998 +£0.0028  0.0813*0%%
2144B  9.4699+0.0208  75337£0.026  76.393+0.023  0.061 15.1281 +0.0028
2149 A 4.5418+0.0145  13.482+0.016 15.150£0.018 0.146 10.5168 +:0.0028  0.6150*032%
2149B  4.5903+0.0264  15393+0.027  12.735£0.036  0.247 12.0274 +0.0028
2152A  3.1166+0.0169  27.534+0.017  -11.833+0.019  0.151 11.2435+0.0028 0.7547701%%  SHC
2152B  3.2220+0.3165 26.996+0.291  -12.013+0.326  1.280 19.4442 +0.0040
2169 A 2.7494+0.0169  5.505+0.012 —31.042+£0.016  0.156 10.9589 +0.0028
2169B  2.7704+0.0140  5.273+0.010 —30.728+0.016  0.000 13.6850 +0.0028 0.18387019%2
2183 A 9.5169+0.0190 —15.514+0.020 43.704+0.020  0.134 8.4875+0.0028  0.6354703262  gpc
2183B  9.5902+0.0204  —21.330+0.027  40.148+0.021  0.156 8.8416 +0.0028
2193A  2.9294+0.0094 —2465+0.009  —0.911+0.011  0.050 11.8060 +0.0028  0.1520703%3
2193B  2.9032+£0.0601  —2.530+0.052  -0.987+0.064  0.403 16.1816 +0.0029
2195A 5.7048+0.0100 -16.224+0.012  —55.807+0.011  0.080 11.5123+0.0028  0.1810*07770
2195B  5.6714+0.0382 —15.625+0.048  —54.966+0.044  0.339 15.7231 +0.0029
2205A 2.4099+0.0295 —2.328+0.038  27.633+0.042 0.027 16.1296 £0.0029  0.1342700"  SHC

—0.0601



MUGRAUER AND MICHEL Astronomische
Nachrichten
TABLE 1 Continued
Hacos(8)
TOI « (mas) (mas year™!) us (masyear—') epsi (mas) G (mag) Ag (mag)
2205B  23861+0.1390 —2.123+0.165 27.466+0.203  0.601 18.8104 +0.0035
2205C  25016+0.1934  —2.725+0.223  28.340+0.287  0.000 19.3401 +0.0041
2215A 141234100160 -8.274+0.016 —6.212+0.013  0.069 10.5895 +0.0028
2215B  14.0973+0.0171 —8.401+0.016 —6.279+0.014  0.071 10.8414 +0.0028  0.0320700%23
2218 B 2.8549+0.0356  —17.669+0.046 33.504+0.040  0.388 11.9424 +0.0028
2218A 2.5423+0.0110  —15254+0.014 33.429+0.012  0.082 11.7408 £0.0028  0.1377197%°3
2233 A 51165+0.0291  1.165+0.035 —24.974+0.023  0.201 11.5776 £0.0030 ~ 0.5892703%%%
2233B  52052+0.0379  1.061+0.048  —25.646+0.030  0.000 15.4905 +0.0029
2239A  21906+0.0118 298740017  -4.658+0.013  0.09 11.3658 +0.0028
2239B  2.0299+0.0106  2.982+0.017  —4.083+0.012  0.000 13.2956 +0.0028  0.155770 0704
2244 A 5.7439+0.0188  15.007+0.017  -11.535+0.018  0.104 9.5576+0.0029  0.1198*15%  sHC
2244B  5.7633+£0.0222  16.129+0.019  -11.662+0.018  0.119 9.9215 +0.0029
2244C  5.7981£0.1555 15.022+0.144  —10.886+0.148  0.438 17.9098 + 0.0033
2246 A 4.4280+0.0121  16.025+0.015  51.047+0.016  0.107 10.3992 +0.0028
2246 B 4.4457+0.0100  16.939+0.013  50.845+0.013 0.062 10.8843 +0.0028  0.4560702521
2248 A 2.6398+0.0110  3.956+0.013 15.787+0.014  0.000 10.7376 +0.0028  0.8535702826
2248B  2.8055+0.2212 356240260 153190296  0.831 18.5134 +0.0119
2253 A 58108+0.0532 9.455£0.056  17.639+0.066  0.567 10.4163 +0.0028
2253B  6.5645+0.0428  8.891+0.045 17.588 +0.056 0.309 15.3387 £0.0028  0.320070771
2279 A 10.6363+0.0097 22.635+0.011  16.147+0.013 0.054 10.8215+0.0028  0.1605 0222
2279 B 10.6551+£0.0296 23.264+0.036  15.201+0.044  0.172 15.6025 +0.0029
2281 A 5.6262+0.0116  28.656+0.013  —14.733+0.014  0.090 9.4515+0.0028
2281B  5.6049+0.0108  28.760+0.013  —13.475+0.013  0.072 10.7952+0.0028  0.0600* 0011
2283 A 20.1663+£0.0123 —56.281+£0.016 109.172+£0.016  0.104 12.2841 +0.0028
2283B  20.1454+0.0280 —57.264+0.037 107.463+0.035  0.000 15.7433+0.0028  0.1090*00%7
2289 A 7.1011+0.0144 452540016 750180017  0.111 10.4503 +0.0028
2289B  7.1855+0.0410  4.324+0.045  75.200+0.051 0.193 16.1822+0.0029  0.7560702152
2293 A 15.9360+0.0156 45215+0.011  —120.703+0.015 0.111 12.8578 +0.0028
2293B  16.0752+£0.0617 45112+0.046  —123.739+0.059 0.206 16.9297 £0.0029  0.3100*931%
2299 A 29.1809+£0.0120 —14.452+0.015 195.077+0.015  0.085 9.2915+£0.0028  0.03471)23
2299B  29.2165+0.0328 —13.038+0.042 197.713+0.050  0.338 12.5649 +0.0029
2307 A 2.2094+0.0158  21.744+0.016  —20.084+0.013  0.068 12.6917 +0.0028  0.5075%0°%
2307B  2.0919+0.1416  22.161+0.179  -19.523+0.110  0.408 17.6546 +0.0054
2321 A 84506+0.0281  —3.922+0.032 -24.932+0.042 0.154 10.2853 +0.0028
2321B  8.4306+0.0421  —3.760+0.051  —25.597+0.063  0.143 15.4528 +£0.0028  0.0370*0010
2325A  4.5153+0.0233  —7.670+0.026  —18.459+0.024  0.171 9.8309+0.0028  0.1113*377  SHC
2325B  4.5677+0.0401 —5116+0.041 —18.875+0.036  0.208 14.7230 +0.0030
2327A 9.9809+0.0105 6.518+0.013  —46.525+0.014  0.087 9.8614 +0.0028
2327B  9.9334+0.0112  6.023+0.014  —46.330+0.015  0.000 13.8791+£0.0028  0.236710¢%>

—0.0824



Astronomische MUGRAUER AND MICHEL
Nachrichten
TABLE 1 Continued
Hacos(8)

TOI « (mas) (masyear™!)  pus;(masyear!) epsi(mas) G (mag) Ag (mag)

2328 A 4.3202+£0.0090 31.870+0.011  -1.815+0.011  0.040 121029 £0.0028  0.2085701>%

2328 B 4.1584+0.2225 31.636+0.273  —0.560+0.276  0.780 17.6401 +0.0055
2335A  2.1997+0.0138 —4.027+0.012  9.270+0.016 0.112 12,5012 +0.0028  0.0433701303
2335B  2.3676£0.0587 —3.618+0.053  9.002+0.073 0.472 16.2577 +0.0029
2340 A 5.6344+0.0152 59.660+0.017  84.574+0.020 0.079 12.3635+0.0028  0.1287+)1%¢3

2340B  5.1835+0.0570 60.650+£0.058  83.952+0.063  0.416 14.7856 +0.0028

2350 A 5.3462+£0.0200 -5.301+0.013 —8.965+0.019  0.180 11.1384+0.0028  0.2785%0248¢

2350B  5.1138+0.1399 —5.123+0.087 —9.298+0.129  0.619 18.2885 +0.0030

2358 A 2.6084+0.0180 —6.499+0.019 -14.015+£0.019  0.094 11.8802 +0.0028

2358 B 2.4728+£0.1570 -8.215+0.162 —13.653+0.137  1.138 14.3423£0.0034  0.7293+)3%

2374B  7.3592+0.0180 -11.470+0.018 —31.421+0.016  0.085 11.8186 +0.0028

2374A  7.3387+£0.0186 —11.949+0.018 -31.746+0.018  0.071 9.2231+0.0028  0.4100707171

2380 A 3.7225+0.0252 2.432+0.023  9.437+0.019 0.105 9.8239+0.0028  0.18571077%°  SHC

2380 B 3.4875+0.5810 1.827+0.718  9.278+0.437 0.000 19.5744 +0.0062

2383B  5.8490+0.0182 —6.728+0.017  —49.801+0.013  0.093 10.9057 +0.0031

2383 A 5.8524+0.0169 —6.653+0.016 —49.965+0.012  0.082 10.3605+0.0028  0.0637*(23%

2384 A 5.3219+0.0440 9.257+0.061 —52.662+0.053  0.455 14.3880+0.0029 1.4283*01100  sHC

2384B  5.0517+0.1666 8.013+0.623  —51.041+0.255  0.995 17.5517 +0.0051

2409 A 5.2313+0.0283 —19.893+0.025 -18.523+0.033  0.299 11.8352 +0.0028

2409 B 5.2737+0.0105 -17.476+£0.010 —20.485+0.012  0.000 13.2702+0.0028  0.11677032

2417A 39122400119 33.622+0.010  11.780+0.013  0.094 10.7059 +0.0028  0.9090*072]

2417B  3.9841+0.0324 36.848+0.025  11.989+0.035  0.300 13.7951 +0.0089

2419 A 4.0433+£0.0097 -12.828+0.012 -19.732+0.011  0.078 10.8435+0.0028  0.39537070°7

2419B  4.0702+0.0334 -13.367+0.048 —20.741+£0.037  0.293 14.6100 + 0.0029

2422 A 47712£0.0251 21.109+0.027  -27.759+0.022  0.148 9.9060+0.0028  0.1762*00°%¢  SHC5

2422B  4.9353+0.0593 21.982+0.085  —29.180+0.082  0.290 10.7782 +0.0042

2425A  6.2150+£0.0192 4.997+0.022  —12.557+0.020  0.094 11.7689 +0.0028  0.062070 1270

2425B  6.3902+0.1064 5.512+0.135 ~ -11.979+0.169  0.510 16.8583 + 0.0044

Hacos(8)

CTOI x (mas) (mas year™!) us (masyear—') epsi(mas) G (mag) Ag (mag)
35703676 A 2.5970+0.0923 2.843+0.119  —30.120+0.074  0.727 12.7286 +0.0028  0.063070 %7
35703676 B 2.8329+0.0428 5.202+0.052  —27.253+0.031  0.000 15.8373 +0.0029
83839341 A 2.7223+0.0181 —33.140+0.017 —26.355+0.017  0.068 12.2518 +0.0028  0.609070-2281
83839341B  2.6648+0.0207 —33.144+0.020 -25.801+0.019  0.089 12.2623 +0.0028
98957720 A 4.7871+0.0316 —42.613+0.038 —3.408+0.019  0.247 11.1592 +0.0028
98957720B  4.7377+0.0559 —42.468+0.064 —3.353+0.034  0.000 16.5348 £0.0028  0.3110700>4
105850602 AB  8.0429+0.2139 —23.862+0.185 —29.428+0.168  1.796 8.9251+0.0033  0.01757007°¢

—0.0122



MUGRAUER AND MICHEL
TABLE 1 Continued
Hacos(5)

CTOI « (mas) (mas year™!) us (masyear—') epsi(mas) G (mag)
105850602 C  6.0423 +0.2164 —23.125+0.176 —30.583+0.171 1.733 16.7498 +0.0033
105850602 D  7.1762 +0.1470 —22.662+0.091 —29.601+0.112 0.571 17.0850 + 0.0034
117644481 A 2.9517+0.0113 33.782+0.009 43.201 +0.009 0.046 12.4883 +0.0028
117644481 B 2.9461 + 0.0555 33.909 + 0.048 42.964 +0.043 0.000 16.6315 + 0.0030
135145585 A 2.5969 +0.0517 —34.591+0.042 2.421+0.027 0.440 11.9949 +0.0028
135145585 B  2.7543 +0.0986 —30.442+0.083 1.842+0.060 0.000 17.6175 + 0.0029
139444326 A 2.0667 +0.0322 1.731 +£0.022 4.759 +0.028 0.327 12.0059 +0.0028
139444326 B 2.4099 + 0.2909 2.201+0.191 4.395+0.244 1.182 19.3892 + 0.0050
142443425 A 8.1451 +£0.0159 —77.368 +£0.013 34.110+0.019 0.129 11.5055 +0.0028
142443425 B  8.1393 +0.0462 —75.775+0.035 33.880+0.047 0.383 14.6761 + 0.0030
144164538 A 4.7965 +0.0181 16.116 +0.019 33.129 +0.022 0.058 14.6250 +0.0028
144164538 B 4.8422 +0.2773 15.012 +0.322 33.089 +0.341 1.580 18.9670 +0.0053
151628217 A 2.0385+0.0136 3.714 +0.016 —5.446 +0.020 0.127 11.4970 +0.0028
151628217 B 2.0334 + 0.0095 4.262+0.011 —6.683+0.013 0.000 13.1539 +0.0028
152226055 A  4.2468 +0.0190 11.080 +0.016 —12.086 +0.014 0.103 11.7271 +0.0028
152226055 B  4.2203 +0.0189 10.447 £ 0.016 —12.161 +£0.014 0.000 13.8270 +0.0028
164781040 A  2.6525+0.4136 10.367 +£0.457 0.886 +0.499 4.212 14.5887 +0.0030
164781040 B 1.0362 +0.0417 8.515+0.062 3.140 + 0.083 0.155 15.1346 + 0.0029
178367145 B  3.8421 +0.0302 —13.234+0.030 —2.789+0.022 0.203 11.7726 + 0.0029
178367145 A 3.9752 +0.0190 —13.887+0.020 —2.818+0.015 0.117 10.9126 + 0.0028
197760286 A 5.4658 +0.1691 34.814+0.178 —18.655+0.131 1.392 9.9572 +0.0028
197760286 B 5.1856 +0.0372 36.545 +0.043 —13.420 + 0.029 0.081 15.5006 + 0.0028
202712304 A 15.3450+0.0168 107.379+0.016 —84.082+0.013 0.071 13.0651 +0.0028
202712304 B  14.9765+0.0652 107.234+0.063 —86.297 +0.049 0.446 15.1065 +0.0028
224327878 A 8.4853+0.0145 —4.061 +0.014 35.502+0.014 0.107 11.0964 +0.0028
224327878 B 8.5937 +0.0854 —4.003 +0.077 37.640 +0.104 0.556 16.4315 +0.0056
224327878 C  8.4661 +0.0467 —3.193+0.043 35.728 +0.045 0.000 16.5314 + 0.0029
230236827 A 11.7407 +£0.0122  5.556 +0.015 37.566 +0.017 0.119 11.6854 +0.0028
230236827 B 11.7974 +£0.0336  0.372 +0.045 33.544 +0.040 0.289 15.3282 +0.0028
238235254 B 2.4073 +0.0403 —5.316 +0.049 8.021 + 0.046 0.360 6.3244 +0.0028
238235254 A 2.5463 +0.0433 —5.435+0.055 8.186 + 0.059 0.429 6.3063 +0.0028
238920872 A 9.4737 +£0.0106 10.410 +0.013 19.547 +0.013 0.053 13.1190 + 0.0032
238920872 B  9.4336 +0.0559 10.074 +0.073 19.829 +0.070 0.117 17.1604 +0.0031
253040591 A 13.8011+0.3445 25.446+0.374 —35.205 + 0.282 2.826 9.1333 +0.0028
253040591 B  14.5199 +0.1306 25.997 +0.120 —29.287 +0.124 0.103 17.7513 +0.0031
257605131 A 8.0993 +0.0108 —11.061 +0.010 12.347 +0.014 0.065 10.7561 +0.0028
257605131 B 8.1199+0.0172 —11.481+0.016 12.229+0.023 0.095 14.3404 +0.0028
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Astronomische MUGRAUER AND MICHEL
Nachrichten
TABLE 1 Continued
Hacos(8)
CTOI « (mas) (mas year™!) us (masyear—') epsi(mas) G (mag) Ag (mag)
259376845 A 3.9444+0.0112  11.525+0.015  —23.759+0.016  0.072 12.8546 +0.0028
259376845B  3.9732+0.0133  10.182+0.017 -23.315+0.019  0.110 12,9574 +0.0031  0.5850*01238
282502866 A 13.3826+0.0258 —25.115+0.035  —26.723+0.030  0.145 7.8098 +0.0028
282502866 B 13.1925+0.0320 —24.914+0.035 —26.448+0.031  0.186 14.8252+0.0028  0.81007297%0
288240183 A  6.6408+0.3602  —51.336+0.520  24.806 +0.444 3.859 9.4662+0.0041  0.3020%)21%  sHC
288240183 B 7.0498+£0.0153  —46.377+0.020  22.520+0.020 0.123 10.6051+£0.0028  0.153070 %
288240183 C  7.0320+0.0574  —47.646+0.108  24.037+0.074 0477 14.7007 +0.0032
290596728 A 6.6127+0.0186  —8.669+0.015 ~ —3.979+0.013  0.087 10.7333 +0.0028
290596728 B 6.6471+£0.0195  —8.455+0.016 ~ —3.969+0.014  0.006 13.7674 +0.0028  0.65630°%
300116105 A  3.2646+0.0113  —1.698+0.013  16.463 +0.013 0.079 12,1874 £0.0028  0.5350*0007%
300116105B  3.1741+0.0817  0.148+0.101 17.099 +0.085 0.449 17.1562 +0.0034
308301091 A  4.4783+0.0138  —7.295+0.011  —6.361+0.015  0.109 10.1343 £0.0028  0.1750*913%
308301091 B 4.7173+0.1050  —6.105+0.110 ~ —6.001+0.161  0.612 16.4662 +0.0079
312091232 A 3.4329+0.0169  —30.516+0.021  —24.666+0.015  0.084 11.7888 +0.0028  0.1763+01%%
312091232B 32928 +0.1112  —30.899+0.130 ~ —24.713+0.098  0.129 17.4970 +0.0030
326092637 A 2.5628+0.0201  —9.956+0.025  -16.293+0.026  0.093 12.3868 +0.0028  0.1720722470
326092637 B 2.5714+0.4362  —-9.452+0.597  —15.607+0.632  0.521 19.7135 +0.0041
341411516 A 5.7036+0.0219  30.074+0.031 7.168 +0.029 0.260 11.1204 £0.0028  0.0170*01%1
341411516 B 5.8132+0.2458  31.061+0.335  7.253+0.294 0.000 19.7210 +0.0045
345324572 B 19.8554+0.0166 —40.646+0.016  23.672+0.016  0.109 13.6824 +0.0028
345324572 A 19.8231+£0.0108 —41.421+0.010  22.536+0.011 0.052 9.0158+0.0028  0.2843*) 14
349793830 A 12.2347+0.0211 —166.404+0.022 —46.521+0.014  0.109 9.5710+0.0028  0.0680*(07%
349793830 B 12.2912+0.1075 —167.068+0.121 —44.129+0.087  0.000 17.4495 +0.0029
352915304 A 8.7944+0.0102  64.929+0.016 151.830£0.014  0.072 11.5368 +0.0028  0.0980* )1+
352915304 B 8.7595+0.0839  65.107+0.138  152.160+0.134  0.409 17.2980 +0.0041
369376388 A 10.3996+0.0104 153.458+0.009  24.005+0.012 0.074 11.9448 +0.0028  0.600503379
369376388 B 10.6997 +£0.1053 150.662+0.098  21.621+0.117  0.766 16.8507 +0.0037
369376388 C  10.3986+0.0553 153.085+£0.053  22.296 +0.063 0.129 17.1337 +0.0029
372913337 A 2.4642+0.0158  —4.695+0.020  11.038+0.019 0.137 8.9919 +0.0028
372913337B  2.4294+0.0114  —5.120+0.014  10.868+0.014  0.072 12,5578 £0.0028  0.27901073%
374352402 A 2.0320+0.0129  12.702+0.009 —-4.057+0.013  0.068 12,3260 +0.0028  0.3583*07%%
374352402B  1.8700+0.0916  12.937+0.068  —4.224+0.095  0.401 17.3357 +0.0030
374732772 A 6.5180+£0.0305  —9.891+0.038  —25.283+0.027 0213 10.6796 +0.0030  1.2515704>%¢
374732772B  6.3821£0.0307  —9.741+0.037  -23.746+0.023  0.148 14.0143 +0.0028
394721720 A 2.8051+£0.0114  —15344+0.013  -26.763+0.013  0.098 12.2568 +£0.0028  0.4284*014%  sHC
394721720 B 2.4257+0.1402  —15.359+0.168  —26.140+0.165  0.366 18.7052 +0.0034
399913539 A 3.2337+0.0099  1.850+0.013 28.329 +0.013 0.000 13.2471£0.0031  0.2455230%6
399913539 B 3.3647+0.0954  1.427+0.141 28.147+0.132  0.329 18.0096 +0.0031
453455638 A 5.4637+0.0172  —113.184+0.023 101.703+0.020  0.000 14.8091 +0.0028




MUGRAUER AND MICHEL Astronomische
Nachrichten
TABLE 1 Continued
Hac0s(5)
CTOI 7 (mas) (mas year™!) ps (mas year—') epsi(mas) G (mag) Ag (mag)
453455638 B 6.1329+0.1091 —114.144+0.149 102.925+0.131  1.237 16.0432 £0.0037  0.5827+07%%
460950389 A 6.6459 +0.0093 —17.586+0.010  10.490 +0.010 0.024 12.3172£0.0029  0.5819*21%1  sHC
460950389 B 5.3938 +1.3984 —17.024+1.756  7.556 +1.400 9.219 20.7782 + 0.0205
467785319 A 6.4966 +0.0268 —1.972 +0.030 —30.034+0.021  0.208 11.4273 £0.0028  0.1590*013%
467785319 B 6.2976 +0.1264 —0.804 +0.161 —28.542+0.144  0.349 16.8640 + 0.0059
738065944 A 2.3423+0.0097 35434+0.011  26.888+0.011 0.053 12.7926 +£0.0028  0.3543*029%0
738065944 B 2.2919+0.0120  35.904 + 0.013 27.026 +0.017 0.041 13.6147 +0.0028
901674675 A 2.0794+0.0133 —0.017 +0.012 —27.116 +0.012  0.053 12.5042 + 0.0028
901674675 B 2.0663+0.0162 —0.002 + 0.014 —27.103+0.014  0.088 12.7075+0.0028  0.40107%-9%1

temperatures are available,* indicated by the PRI flag in
Table 3. Except for the brightest and hottest companion,
which is located slightly above the main sequence and
exhibits a low surface gravity (log(g[cm/s™2])<3.8), i.e.
this companion is a subgiant, the photometry of the major-
ity of all detected companions is well consistent with that
expected for main-sequence stars.

For two companions, namely, TOI 2001 B and TOI
2115 B no G-band photometry is listed neither in the Gaia
EDR3 nor DR2, hence the properties of these companions
could not be determined (indicated with the flag noGmag
in Table 3).

For the remaining 34 companions, we derived their
masses and effective temperatures from their absolute
G-band magnitudes via interpolation (inter flag in
Table 3) using the Mg-mass and Mg-Tes relations from
Pecaut & Mamajek (2013), adopting that these compan-
ions are main-sequence stars. In order to verify this
hypothesis, we compared the obtained effective temper-
atures of the companions with either their Apsis-Priam
temperature estimates if available, or with the effective
temperatures of the companions, derived from their
(Bp —Rp) colors and Apsis-Priam reddening estimates
E(Bp —Rp) or if not available those of the associated
(C)TOISs, using the (Bp — Rp)o-Tesr relation from Pecaut &
Mamajek (2013). For the temperature estimation of the
companions, we have used preferably their Gaia DR2 col-
ors if available, instead of those listed in the Gaia EDR3
because (1) the photometric passbands of both Gaia data
releases are different (Lindegren et al. 2020), (2) the red-
dening estimates are given only in Gaia DR2 colors, and (3)
the used color-temperature relation is also based on Gaia
DR2 photometry.

“Following the recommendation of Andrae et al. (2018) Apsis-Priam
temperature estimates are only used in this survey if their flags are equal
to 1A000E with A and E that can have any value.

—0.2281

CTOI
105850602

Pan-STARRSH1
z,i,g

30 arcsec

FIGURE 3 Color(RGB)-composit image of the quadruple
system CTOI 105850602 AB+CD, made of z-, i-, and g-band images,
taken by the Panoramic Survey Telescope and Rapid Response
System (Pan-STARRS). The close binary companion (CD), whose
components are separated from each other by only about 0.7 arcsec,
is not resolved by Pan-STARRS but it appears clearly elongated in
this image, different to other point like sources detected around the
star

For all but five of these companions their effective
temperatures, derived from their absolute magnitudes by
assuming that they are main-sequence stars, agree well
with either their Apsis-Priam temperature estimates or
the temperatures, obtained from their colors. The typical
deviation of the different temperature estimates is about
380K, well consistent with the average uncertainty of the
derived effective temperatures. Hence, we conclude that
these companions are all main-sequence stars.
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In addition, also the Gaia EDR3 (Bp — Rp) colors of the
(C)TOIs and their companions (if available) were com-
pared with each other, indicated by the BPRP flag in

Table 3. For main-sequence stars we expect that compan-
ions, which are fainter/brighter than the (C)TOIs, appear
redder/bluer than the stars and this holds for the majority

TABLE 2 This table lists for each detected companion (sorted by its identifier) the angular separation p and position angle
PA to the associated (C)TOL, the difference between its parallax and that of the (C)TOI Ax with its significance (in brackets
calculated by taking into account also the Gaia astrometric excess noise), the differential proper motion . of the companion
relative to the (C)TOI with its significance, as well as its cpm-index

Hrel cpm- Notin
TOI p (arcsec) PA (°) Ar (mas) sig-Ar  (masyear!) sig-p. index WDS
1937B  2.48355+0.00008 355.88654 +0.00228 0.06+0.09 0.7(0.2) 0.24+0.10 2.3 104 *
1940 B 2.77116 +0.00012 242.00318 +0.00294 0.75+0.12 6.1(1.0) 1.78+0.16 11.1 5.4
1943 B  3.62638 +0.00003 114.43687 +0.00060 0.10+0.05 2.2(0.3) 1.04+0.05 21.2 183 *
1946 B 2.82716 +0.00014 343.39102 +0.00338 0.60+0.20 3.0(0.4) 5.65+0.22 26.1 13
1953 B 35.95409 +0.00009 200.19546 +0.00017 0.04+0.11 0.3(0.1) 0.75+0.12 6.3 21 *
1964 B 5.83383 +0.00006 53.32376 + 0.00053 0.02+0.07 0.3(0.1) 0.19+0.07 2.8 205 *
1966 B 33.48745+0.00004 359.63816 +0.00007 0.42+0.04 9.9(1.5) 1.06+0.04 25.2 73 *
1970 B 12.18765+0.00005 321.04307 +£0.00025 0.07+0.09 0.7(0.2) 0.21+0.07 2.9 184 *
1972B  26.20433 +0.00001  305.73275+0.00003 0.01+0.02 0.7(0.2) 0.43+0.02 229 163
1984 B 3.05695 +0.00014 259.78789 +0.00245 0.03+0.23 0.1 (0.0) 0.68+0.17 3.9 81 *
1992B 3.15370 + 0.00002 202.28009 +0.00033 0.01+0.03 0.3(0.0) 0.41+0.02 17.2 38
2001 B 0.96202 + 0.00007 280.20210 +0.00766 0.22+0.09 2.3(0.3) 1.50%0.19 7.9 6.0
2006 B 4.63500 + 0.00002 246.83942 +0.00026 0.05+0.02 2.5(0.5) 0.68+0.02 29.7 70 *
2009 B 9.41072 +0.00005 73.21041 +0.00023 0.02+0.06 0.4(0.1) 8.38+0.05 153.5 120
2033 B 10.65305+0.00001 21.98648 +0.00006 0.03+0.02 1.7(0.3) 0.15+0.02 9.7 343
2036 B 4.55841 +0.00005 196.21520 +0.00055 0.11+0.07 1.6(0.3) 0.76+0.06 12.1 60 *
2050 B 12.16939 +0.00004 108.63467 +0.00016 0.13+0.04 3.5(0.3) 4.93+0.04 117.5 9.2 *
2056 B 4.28319 + 0.00002 92.44090 + 0.00027 0.01+0.03 0.4(0.1) 2.12+0.02 89.0 93
2068 B 19.98712+0.00002 65.48869 + 0.00004 0.01+0.02 0.7(0.1) 2.79+0.02 140.3 143
2072 B 2.98886 +0.00002 130.50157 +0.00043  0.07+0.03 2.7(0.3) 4.80+0.03 147.7 86
2084 B 12.24533 +0.00057 191.19264 +0.00314 0.04+0.75 0.1(0.0) 2.54+0.93 2.7 48 *
2092 B 2.70349 +0.00062 272.26872+0.01306 1.46+0.71 2.1(1.0) 1.60+0.77 2.1 126 *
2094 B 10.71371+0.00011 215.71577 +0.00062 0.15+0.12 1.3(0.2) 1.67+0.15 11.0 66 *
2106 B 2.87903 +0.00035 1.74172 +0.00667 0.17+0.46 0.4(0.0) 4.15+0.40 10.5 33 *
2108 B 1.19997 +0.00003 185.80397 +0.00356  0.00+0.06 0.1(0.0) 0.82+0.06 12.8 19 *
2113 B 1.41338 +0.00003 274.78287 +0.00130 0.02+0.03 0.8(0.1) 1.46+0.04 33.4 86
2115B 0.95546 +0.00007 88.20173 +0.00946 0.46+0.11 4.1(0.6) 1.43+0.10 14.6 15
2127B  2.66269 +0.00028 185.95004 +0.00475 0.24+0.30 0.8(0.2) 1.13+0.31 3.6 69
2128 B 6.49976 +0.00004 196.73203 +£0.00030 0.02+0.04 0.5(0.0) 4.42+0.05 92.6 77
2144B 14.70306 +0.00002 227.52790 +0.00008 0.00+0.02 0.0(0.0) 1.69+0.03 60.0 127
2149B 1.61679 +0.00003 110.20239 +£0.00108 0.05+0.03 1.6(0.2) 3.08 +0.04 83.0 13
2152B  20.59743 +0.00025 302.41777 +0.00070 0.11+0.32 0.3(0.1) 0.57+0.30 1.9 105 *
2169 B  6.45111 +0.00001 233.68918 +0.00015 0.02+0.02 1.0(0.1) 0.39+0.02 19.1 161 *
2183 B  1.58405 +0.00002 164.18066 + 0.00086  0.07+0.03 2.6 (0.4) 6.82+0.03 210.3 13
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TABLE 2 Continued
Hrel sig-
TOI p (arcsec) PA (°) Ar (mas) sig-An (masyear™) g
2193 B  1.86909 + 0.00005 124.24580 +£0.00160 0.03+0.06 0.4 (0.1) 0.10£0.06 1.7
2195B  3.34320 + 0.00004 210.34890 + 0.00064  0.03+0.04 0.8 (0.1) 1.03 +£0.05 22.1
2205B  21.83293+0.00014  255.40300+0.00039 0.02+0.14 0.2(0.0) 0.26 +0.19 1.4
2205C  2.14975+0.00018 83.39429 + 0.00570 0.09+0.20 0.5(0.5) 0.81+0.28 2.9
2215B  62.61249 +0.00002  223.79323 +0.00002 0.03+0.02 1.1(0.3) 0.14+0.02 6.6
2218 A 6.82084 +0.00004 269.12176 + 0.00030  0.31+0.04 8.4 (0.8) 2.42+0.05 50.3
2233 B 4.47377 +0.00003 188.08418 +£0.00054  0.09+0.05 1.9(0.4) 0.68 +0.04 17.7
2239 B 18.77303 +£0.00002  233.49052 +0.00005 0.16+0.02 10.1(1.7) 0.58+0.02 32.5
2244B  1.50266 + 0.00002 49.25479 + 0.00077 0.02+0.03 0.7(0.1) 1.13+0.03 44.3
2244 C  20.32665+0.00012  307.25633 +0.00033 0.05+0.16 0.3(0.1) 0.65+0.15 4.4
2246 B 5.84629 +0.00002 339.01233 +£0.00015 0.02+0.02 1.1(0.1) 0.94 +0.02 47.1
2248 B 3.29667 +0.00021 49.71924 + 0.00369 0.17+0.22 0.7 (0.2) 0.61+0.28 2.2
2253 B 26.26311+0.00006 291.05107 +0.00015 0.75+0.07 11.0(1.2) 0.57+0.07 7.9
2279 B 4.57139 +0.00003 319.06660 + 0.00037 0.02+0.03 0.6 (0.1) 1.14 +0.04 26.1
2281 B 33.97687 +0.00002  206.74198 + 0.00002  0.02+0.02 1.3(0.2) 1.26 £0.02 66.1
2283 B 26.52255+0.00003  336.13432+0.00007 0.02+0.03 0.7 (0.2) 1.97 £0.04 50.6
2289 B 12.66428 +0.00004  131.12439 +0.00018 0.08+0.04 1.9(0.4) 0.27+0.05 54
2293 B  4.66336 +0.00005 1.24380 + 0.00045 0.14+0.06 2.2(0.6) 3.04 +0.06 49.9
2299 B 3.60503 +0.00003 280.93394 +0.00056  0.04+0.03 1.0(0.1) 2.99+0.05 59.1
2307 B 2.91691 + 0.00009 205.82182+0.00202 0.12+0.14 0.8 (0.3) 0.70+0.14 5.0
2321 B 21.37467 +0.00003  150.86054 +0.00009 0.02+0.05 0.4(0.1) 0.68 +0.07 9.1
2325B  4.52007 +0.00003 300.86111 +£0.00045 0.05+0.05 1.1(0.2) 2.59 +0.05 53.4
2327B  38.79962 +0.00002 156.28735+0.00002 0.05+0.02 3.1(0.5) 0.53+0.02 27.6
2328 B 1.63846 +0.00023 258.49775+0.00812 0.16 +0.22 0.7 (0.2) 1.28 £0.28 4.6
2335B  3.87308 +0.00005 304.83135+0.00073 0.17+0.06 2.8 (0.3) 0.49 +0.06 8.0
2340 B 9.97872 +0.00005 125.88685+0.00029 0.45+0.06 7.6(1.1) 1.17 £0.06 18.8
2250 B 31.40562 +0.00005 269.01582+0.00019 0.23+0.14 1.6(0.4) 0.38+0.12 31
2358 B 7.30773 +0.00012 139.11250 +£0.00091 0.14+0.16 0.9 (0.1) 1.75+0.16 10.8
2374 A 22.34477 +0.00002  46.57715 +0.00005 0.02+0.03 0.8(0.2) 0.58 +0.03 23.1
2380 B 5.07723 +0.00047 256.80573 + 0.00470  0.24+0.58 0.4 (0.4) 0.63+0.70 0.9
2383 A 24.09397 +£0.00002  39.17459 + 0.00005 0.00+0.02 0.1(0.0) 0.18 +£0.02 9.6
2384 B  0.83848 +0.00020 350.29022 +£0.02994 0.27+0.17 1.6 (0.2) 2.04+0.43 4.7
2409 B 23.83756 +0.00002  270.74528 + 0.00006  0.04+0.03 1.4(0.1) 3.11 +£0.03 102.3
2417B  1.85419 +0.00002 285.16794 + 0.00090  0.07 +£0.03  2.1(0.2) 3.23+£0.03 119.8
2419B  1.71429 +0.00003 331.75352+0.00133  0.03+0.03 0.8(0.1) 1.14 £0.04 27.7

Astronomische

Nachrichten
cpm- Notin
index WDS
53 *
112 *
209 *
69 *
145 *
31
75 *
18 *
34
58 *
114
52 *
70 *
49 *
51
124
555 *
86 *
132
85 *
75 *
15 *
176
50 *
41 *
177 *
56 *
18 *
116
31 *
558
51 *
17 *
23 *
42 *
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Hrel sig- cpm- Not in

TOI p (arcsec) PA (°) Ar (mas) sig-Amw (masyear™') . index WDS
2422 B 0.85018 + 0.00007 140.97694 +0.00437 0.16 +0.06 2.5(0.5) 1.67 +0.09 19.4 43

2425 B 2.30113 + 0.00009 72.60363 +0.00229 0.18 +0.11 1.6 (0.3) 0.77 +£0.16 5.0 34 *

Hrel sig- cpm- Notin

CTOI p (arcsec) PA (°) Arm (mas) sig-Ar  (masyear™!) g index WDS
35703676 B 8.45241 +0.00008 71.11569 + 0.00045 0.24+0.10 2.3(0.3) 3.71+0.10 36.0 16 *
83839341 B 5.56932 +0.00002 207.66328 +0.00026 0.06+0.03 2.1(0.5) 0.55+0.03 21.7 152 *
98957720 B 16.06523 +0.00004  231.40252+0.00014 0.05+0.06 0.8(0.2) 0.16+0.07 2.2 550 *
105850602 C  29.25593 +0.00023  106.60682+0.00041 2.00+0.30 6.6 (0.8) 1.37+0.24 5.6 56 *
105850602 D 28.57790 +0.00018 106.83131+0.00036 0.87+0.26 3.3(0.5) 1.21+0.21 5.9 62 *
117644481 B 15.28674 +0.00004 224.70015+0.00014 0.01 +£0.06 0.1(0.1) 0.27+0.05 6.0 408 *
135145585 B  11.11883 +0.00006 29.94000 + 0.00040 0.16+0.11 1.4(0.3) 4.19+0.09 45.3 16 *
139444326 B 6.38457 + 0.00020 174.59532+0.00130 0.34+0.29 1.2(0.3) 0.59 +0.21 2.8 17 *
142443425B  3.16439 +0.00003 115.19061 +0.00072  0.01+0.05 0.1(0.0) 1.61+0.04 42.7 104 *
144164538 B 1.69843 +0.00028 48.92419 +0.00936 0.05+0.28 0.2(0.0) 1.10+0.32 34 66 *
151628217 B 14.42224 +0.00002 213.85689 + 0.00006 0.01 +0.02 0.3(0.0) 1.35+0.02 58.4 11 *
152226055B  16.03023 +0.00002  319.68424 + 0.00006 0.03+0.03 1.0(0.2) 0.64+0.02 28.2 51 *
164781040 B 0.88788 +0.00038 47.48872 +0.02454 1.62+042 3.9(04) 2.92+0.49 6.0 6.6
178367145 A 4.86196 + 0.00002 318.91640 +0.00029 0.13+0.04 3.7(0.6) 0.65+0.04 18.1 42
197760286 B 5.80368 +0.00013 243.46265+0.00105 0.28+0.17 1.6(0.2) 5.51+0.14 39.5 14 *
202712304 B 15.70443 +£0.00004 221.78081 +0.00014 0.37+0.07 5.5(0.8) 2.22+0.05 43.7 123
224327878 B 2.26527 + 0.00006 98.18354 +0.00250 0.11+0.09 1.3(0.2) 2.14+0.10 20.4 34 *
224327878 C  10.28639 +0.00004 35.10678 + 0.00021 0.02+0.05 0.4(0.2) 0.90+0.05 19.8 80 *
230236827 B  4.15576 +0.00003 343.54497 +£0.00047 0.06+0.04 1.6(0.2) 6.56+0.05 142.7 11 *
238235254 A 16.42331 +0.00006 227.56205+0.00020 0.14+0.06 2.3(0.2) 0.20+0.07 2.7 96
238920872B  45.59533 +0.00006 121.75295+0.00007 0.04+0.06 0.7 (0.3) 0.44+0.07 6.0 101 *
253040591 B 8.83229 + 0.00027 221.32306 +£0.00178 0.72+0.37 2.0(0.3) 5.94+0.31 19.2 14 *
257605131 B 37.81874 +0.00002 239.83724 +0.00003 0.02+0.02 1.0(0.2) 0.44+0.02 22.3 76 *
259376845 B  4.64337 + 0.00002 242.40365 + 0.00021 0.03+0.02 1.7(0.2) 1.41+0.02 61.8 37 *
282502866 B 45.17057 +0.00004  41.42217 + 0.00005 0.19+0.04 4.6(0.8) 0.34+0.05 7.5 214 *
288240183 B 60.05636 +0.00036 332.60249 +0.00036 0.41+0.36 1.1(0.1) 5.46+0.51 10.8 20
288240183 C  58.24718 +£0.00036  332.54920+0.00037 0.39+0.36 1.1(0.1) 3.77+0.53 7.1 29 *
290596728 B 5.41246 + 0.00002 135.75015 +0.00020 0.03+0.03 1.3(0.4) 0.21+0.02 9.8 88 *
300116105 B  2.41041 + 0.00008 277.14941 +£0.00162 0.09+0.08 1.1(0.2) 1.95+0.10 19.5 17 *
308301091 B 3.20160 + 0.00009 31.36135 + 0.00133 024+0.11 2.3(0.4) 1.24+0.12 10.7 15 *
312091232 B 7.79773 +0.00010 56.36780 + 0.00069 0.14+0.11 1.2(0.7) 0.39+0.13 2.9 204 *
326092637 B 20.85385+0.00027 16.93096 + 0.00093 0.01+0.44 0.0(0.0) 0.85+0.62 1.4 44 *
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Hrel sig- cpm- Notin

CTOI p (arcsec) PA (°) Ar (mas) sig-Ar (masyear™!) p. index WDS
341411516 B 23.73899 +0.00024 105.66263 +0.00061 0.11+0.25 0.4(0.3) 0.99+0.34 29 63 *
345324572 A 32.07658 +0.00002 19.00568 +0.00003  0.03+0.02 1.6(0.3) 1.38+0.02 71.5 68 *
349793830 B 28.23873 +£0.00009 264.01259 +0.00016 0.06+0.11 0.5(0.4) 2.48+0.09 27.3 139
352915304 B 3.75547 +£0.00009  206.52765 +0.00136 0.03+0.08 0.4(0.1) 0.37+0.14 2.8 882
369376388 B 1.63306 +0.00008  242.28326 +0.00304 0.30+0.11 2.8(0.4) 3.67+0.11 344 84 *
369376388 C  23.83109 +0.00005 39.23375+0.00011 0.00+0.06 0.0 (0.0) 1.75+0.06 27.5 177
372913337 B 14.59903 +0.00002 322.97056 +0.00007 0.03+0.02 1.8(0.2) 0.46+0.02 18.8 52 *
374352402 B 4.11475+0.00005  252.26653 +£0.00097 0.16+0.09 1.8 (0.4) 0.29+0.08 3.7 93 *
374732772 B  5.05320 +£0.00003  328.64658 +£0.00041 0.14+0.04 3.1(0.5) 1.54+0.04 433 34 *
394721720 B 11.33222+0.00013 151.28537 +0.00068 0.38+0.14 2.7(0.9) 0.62+0.17 3.8 98 *
399913539 B 5.24516 +£0.00009  136.57882 +0.00100 0.13+0.10 1.4(0.4) 0.46+0.14 3.3 123 *
453455638 B 10.42144 +0.00011 83.96279 +0.00057 0.67+0.11 6.1(0.5) 1.55+0.14 11.1 197 *
460950389 B 54.01510+0.00121 202.76271+0.00130 1.25+1.40 0.9(0.1) 2.99+1.41 21 13 *
467785319 B 3.20547 +£0.00012  24.51624 +0.00263  0.20+0.13 1.5(0.5) 1.89+0.15 124 31 *
738065944 B 2.00627 +0.00001  276.64459 +0.00043 0.05+0.02 3.3(0.7) 0.49+0.02 28.3 183 *
901674675B  2.34422+0.00002  217.51342+0.00037 0.01+0.02 0.6 (0.1) 0.02+0.02 1.1 2732 %

Note: The last column indicates (x) if the detected companion is not listed in the WDS as companion(—candidate) of the (C)TOL

TABLE 3
identifiers) together with their derived absolute G-band magnitudes M, masses, and effective temperatures Teg

This table lists the equatorial coordinates (x, 6 for epoch 2016.0) of all detected co-moving companions (sorted by their

TOI a(®) 6(°) Mg (mag) sep (au) mass(Mgy) Ter(K)  Flags

1937B  116.37063898358  —52.38256904657  7.62017 1,030 0.59%0:02 4,17772%  BPRP

1940 B  212.64705044663  —27.99343384615  5.60702 739 0.85*004 5,20011%  inter EDR3
1943B  183.70611541557 —63.08713763185  7.8170! 473 0.507001 4,411*1%  BPRP

1946 B 217.27930985483  —43.36122919815  5.09701% 709 0.87+0:% 5,714738¢

1953B  215.14092879184  —41.99269221369  10.26"075 9,463 0.3570%° 3,318*%  BPRP

1964 B  201.64389030315 —39.62891769667  7.83073 2,326 0.55*001 4,193*37  BPRP

1966 B 209.98243641458  —43.31801392589  6.11*0% 8,975 0.79*001 4,906%;> BPRP PRI
1970 B 190.71676597317  —53.68567116786  9.08*0% 5,025 0.50701 3,550*%  BPRP

1972B  176.05846644906  —59.90759743827  3.8970% 5,179 1.07+02 6,277"3%2  BPRP PRI
1984B  168.87036013723  —44.42914110070  11.12*0% 756 0.247001 3,228"  inter EDR3 BPRP
1992B  162.91641069316  —44.98555236333  3.4270% 1,213 1.14401 6,3817>0  BPRP PRI
2001 B 128.18085020302  —58.57546310498 433 EDR3 noGmag
2006 B 91.22129476743  —69.36082554536  4.217017 2,305 1007510 6,135}l  BPRP PRI
2009 B 16.91102529334  22.95355541328  10.887(15 193 0.337001 3,072'2  BPRP PRI



Astronomische MUGRAUER AND MICHEL
Nachrichten
TABLE 3 Continued
TOI a (°) 6(°) Mg (mag) sep (au) mass (Mg) Tegr (K) Flags
2033B  17.68275285338  65.25239187480  3.36*03 3,009 1187017 6,37273%7  BPRP PRI
2036 B 233.01453280974  24.08380188116  7.33*0% 1,032 0.55%001 5,038*%  BPRP
2050 B 323.91600940223 6543645611145  8.24*)% 1,391 0.557001 3,881'))  BPRP PRI
2056 B 2.60181476661 58.48938732348  7.14*01% 397 0.617004 4,600*7  BPRP
2068 B 186.28373776065  60.42064810535  8.80*017 1,059 0.55%001 3,572'%  BPRP PRI
2072B  173.98897259356  75.54607768850  10.44*011 117 0.35%004 3,247*2°  BPRP PRI
2084 B 259.25233532656  72.74369142724 15377092 1,399 0.09%091 2,590 inter BPRP
2092B  212.54643389257  45.56389415042  13.050% 479 WD EDR3 BPRP
2094 B 254.13742491435  70.02489938048  14.19*0% 538 0.1170% 2,89472'  inter BPRP
2106 B 207.17848145517  44.91254228578  8.7701° 346 0.5070% 3,724} inter BPRP
2108 B 247.48156446857  21.49483143158  3.11*07% 303 0.95%0% 5,95475%°
2113B  267.35407815488  40.45712910786 421709 360 1.00*99 6,3847>°0  BPRP
2115B  19.59598675578  63.54509607880 206 EDR3 noGmag
2127B  256.34628231343  33.01158434380  12.687005 430 WD EDR3 BPRP
2128 B 256.98115969078  32.10356773055  9.41*)% 238 0.36001 3,748'7%  BPRP
2144B  350.23675703392  79.43903525527  9.90109% 1,553 0.4070% 3,3607>  BPRP PRI
2149B  285.59708263433  42.50726078542  5.51*0% 356 0.81%021 5,425%77¢
2152B  26.31614962469  77.79318868748  11.16702% 6,609 0.24%002 3,223'2  inter BPRP
2169 B 279.16854084831 2325755382074  5.52*0)0 2,346 0.831903 5,374'%%2  BPRP PRI
2183B  283.48984559533  37.38040766442  2.77103 166 1.3970% 7,066%5°  BPRP
2193B  313.69268269724  —72.80493275516  9.65*01’ 638 0.40%01¢ 3,54114%
2195B  34.83851060185  —72.70970300127  7.83*02 586 0.551004 4,119')%  BPRP
2205B  94.30504481936  —56.51138346415 10.59*207 9,060 0.3070% 3,308  inter BPRP
2205C  94.31675618323  —56.50978635189  11.12*307 892 0.2470% 3,228"7 inter BPRP
2215B  286.05887028356  —32.36683422030  6.49*0% 4,433 0.73*002 4,759*1%2  BPRP PRI
2218 A 107.15134082021  —64.23282491835  3.64*07¢ 2,389 1.08*0-¢ 6,299777  BPRP PRI
2233B  296.91945139989  —32.57720015101  8.22*2% 874 0.54*001 3,950%3) BPRP
2239B 6539925931554  —67.47014069910  4.49*0%7 8,570 0.93+008 6,125*2%  BPRP PRI
2244B  308.56398032092 —48.27456998081  3.00*073 262 1.357020 7,145%1>¢  BPRP
2244C  308.55675305431 —48.27142425630 11.527012 3,539 0.257901 3,041*)3  BPRP
2246 B 113.04208107725 —65.80987155300  3.76*023 1,320 1087013 6,346*3%°  BPRP PRI
2248B  80.62608655037  —70.25373433972  9.77+)1° 1,249 0.39*+004 3,478">  inter EDR3 BPRP
2253 B 276.84450187297  73.26719741598  9.28*0.° 4,520 0.5070% 3,428"Y  BPRP PRI
2279 B 255.24461493115  45.38724425492  9.35'099 430 0.401000 3,687%15,  BPRP
2281 B 294.37931940875  66.96300161303  4.48*2% 6,039 0.9810% 6,027"27°  BPRP PRI
2283 B 248.32656847020  63.53124834111  12.2470% 1,315 0.19%00 2,909  BPRP PRI
2289 B 255.10100397713  39.72794649361  10.35"0%2 1,783 0.4070% 3,139"3!  BPRP PRI
2293B  115.59347921340  70.40535489770  12.43*02¢ 293 0.16%001 2,983 BPRP PRI
2299 B 286.22240974084  79.75619277781  8.88*0% 124 0.451001 3,830*]}  BPRP

—0.25

—0.01
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sep mass
TOI a () 50) Mg (mag)  (auw)  (Mo) Ter (K)  Flags
2307B  330.13554334398  —29.14932158011  8.87+0% 1,320  049%00r 3,700  inter BPRP
2321B  196.73942411562  16.54415038318 10.13+0%4 2,529 0.38%000  3,305')2  BPRP PRI
2325B  343.54329331845  —36.28713515058  6.94%)12 1,001 0.60700+  4,829"2%  BPRP
2327B  103.43704505805  —73.08558755467  8.79*0% 3,887  0.55'001  3,592*%  BPRP PRI
2328 B 31.68784113786  —81.24746699057  10.61*01% 379 0.29%002  3,305*}  inter EDR3 BPRP
2335B  50.82546214680  —40.45290191998  7.93*0%% 1,761  0.57'2%2  3,966'}7  inter BPRP
2340B  42.26379287408  —16.55926854837  8.40*)2 1,771 0.60*0°  3,661')%,  BPRP PRI
2350 B 97.39871390344  —21.99453651654  11.65*01 5874 0201002 3,159*%  inter BPRP
2358 B 196.28739985402  —31.98691483902  5.32*021 2,802 0.73%0%%  5716"2>  BPRP PRI
2374 A 319.50310270344  —22.04556079240  3.50*)> 3,036 117017 6,343'}  BPRP PRI
2380 B 0.32437138931 —8.92657181230  12.247)7% 1,364 017101 3,071'7  inter EDR3
2383 A 1.48935329659 —20.64877382679  4.10*0%° 4119 104701 6,118732°  BPRP PRI
2384B  36.15605640406  —64.99997342715  11.39*012 158 0.20%00°  3,170*%°
2409B  44.32959674872  —41.19168974979  6.7510% 4,557 070700 4,609'2)2  BPRP PRI
2417B  37.88458406443  —40.01606774547  5.85%02 474 0.79*9%  5,060'2%  inter
2419B  53.26996227934  —56.58801950869  8.52%02° 424 0.52*07%  3,853*%¢7
2422B  24.88466502593  —7.39491592998  4.00*003 178 115709 6,09172)  inter EDR3 BPRP
2425B  19.13130751686  —0.28991369508  9.60*0% 370 0.3570%%  3,61220%  BPRP
sep mass

CTOI a () () Mg (mag) (au) (M) Tesr (K) Flags
35703676 B 23.79838607967  —0.88660913129  7.60%0% 3,255 0.6570%%  3,823"0  BPRP PRI
83839341 B 217.53558345727 —25.55056842979  3.94*01 2,046  1.08*010  6,298"%°  BPRP PRI
98957720 B 180.99683654878  —28.32813097238  9.80%0% 3,356 04570l 3,3177)2  BPRP PRI
105850602 C  244.33420561134  16.42671038186  11.2670% 3,637 0.23*)01  3,213*1  inter BPRP
105850602 D 244.33400811636  16.42673442250  11.72*09 3,553 0.20*07)  3,106*27
117644481 B 67.74861870851  —14.36826105677  8.32*03% 5179 0.60*)0. 3,731*7>  BPRP PRI
135145585B  185.41006070851  —41.19261307186  9.81*01% 4,282 0457007 3,280*%  BPRP
139444326 B 80.73136663361  —21.95745238328  9.92*04) 3,089 0.37'0: 3,442'7  inter BPRP
142443425B  146.55289564051  67.09725083384  7.24*010 389 0.55700) 4,617'2°  BPRP
144164538 B 61.18284430216  —47.16584470949  11.35%07 354 0227003 3,204%}  inter
151628217 B 88.60524481432  —46.42448223827  4.3070Y 7,075  0.96%010  6,236'7°  BPRP PRI
152226055B  312.48730424663  —33.27779249937  6.70%032 3,775 0.74%000  4,562'1**  BPRP PRI
164781040 B 284.69989267282  46.37521416536  5.49*03% 335 0.8070%2  5,43477%2,
178367145 A 123.39224456462  —1.98278782520  3.92*01 1,265 1.05%71 6,20773)%  BPRP PRI
197760286 B 331.50570859756  —37.28596009795  8.69*0 1,062 0.5470%  3,71172  BPRP PRI
202712304 B 7.89840211300  50.95370147188  10.9470%% 1,023 0.3270%9 3,017}  BPRP PRI
224327878 B 251.02883064726 ~ 30.00805300731  11.01%0% 267 025700 13,2397  inter EDR3 BPRP
224327878 C  251.03000905102  30.01048010687  10.9970% 1,212 0.32*J01 3,055'3)  BPRP PRI

17
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TABLE 3  Continued
sep mass Tetr
CTOI a (°) 6(°) Mg (mag) (au) (M) (K) Flags
230236827B  261.53342682463  42.59471357813 1043707 354  0.35*00  3,248%¢ BPRP PRI
238235254 A 119.80123285388  —49.97681348175 —1.69'0% 6,822 4.4770%  13,518"1% BPRP PRI
238920872 B 94.29032954304  —52.34601641705 11.82*)13 4813 0.1270;7  2,8237% BPRP
253040591 B 159.25714983803  42.12868405630  13.01%)77 640 WD BPRP
257605131 B 62.95486583450  —37.94500665138  8.3370%7 4,669  0.60700)  3,728"0 BPRP PRI
259376845B  68.46856153261  —51.25247980639  5.287017 1,177 0.87%0%¢ 5,457"2%  BPRP PRI
282502866 B 90.09431406761  1.80160968503 10414005 3,375 029709 3,066™3 BPRP PRI
288240183 B  224.78438383542  83.34266967111  4.58*01¢ 9,044 0.93*0% 58667  BPRP PRI
288240183 C  224.78626346820  83.34221655772  9.88¥)23 8,771 0357012 3,478°3%
290596728 B 306.89728308250  —40.36459462135  7.7470%° 818 0.60700  4,0317% BPRP PRI
300116105B  92.47405292459  —39.73999660669  9.19701! 738 0467000 3,623%3 inter BPRP
308301091 B 267.86777900177  24.81212544714 10327018 715 0317017  3,398%3%
312091232B  140.31670670796  6.65786362756 10.00701% 2,271 037700 3,422%3 inter EDR3 BPRP
326092637 B 1537238815490  —24.93391132753  11.59*010 8,137 021700  3,168"37 inter BPRP
341411516 B 119.93640614165  —59.26953097644  13.48'007 4,162 WD BPRP
345324572 A 355.48235281306  59.88525830586  5.207(17 1,616 0.90*0%¢ 547572  BPRP PRI
349793830 B 143.44650893948  24.26182131498  12.70%0% 2,308 0.16*)01  2,862%), BPRP
352915304 B 313.79523211150  62.77508729271  11.92%0%% 427  019%01  3,11673 inter BPRP
369376388 B 59.85169681654  —36.47623340570 11.97*0% 157  0.17°0%  3,053*2%
369376388 C  59.85740294934  —36.47089495211 11.62*0% 2,292 WD BPRP
372913337B  119.48675278787  —60.84268804035  4.07*01) 5924  1.02*010 6,213733  BPRP PRI
374352402B  303.50138009888  —69.43373843927  6.58*02 2,025 070700 4,752'25  BPRP
374732772B  242.12692516072  —38.47303765313  6.83*0% 775 0.6970% 4,457'2%  inter BPRP PRI
394721720 B 20.29820671156  —85.59341646735  10.52*013 4,040 0307002  3,322*% inter BPRP
399913539 B 287.26229580166  48.84559355879  10.31702 1,622 0.33*00% 3,361 inter BPRP
453455638 B 151.96566880705  —76.28161439253  9.51*32> 1,907 0487002  3,370"1°  BPRP PRI
460950389 B 159.14432531677 —64.81206485569  14.31*012 8,128 0107001 2,876 inter BPRP
467785319 B 62.74680893665  34.15885055036  10.77701, 493 028700 3,274%%% inter BPRP
738065944 B 98.61713426810  —41.14765885257  5.71%(32 857 078703 5,311750,
901674675B  165.50033761990  —25.69109105001  3.99%( 1,127 1.03%012  6,220"3%  BPRP PRI

—0.10

—0.12

Note: The flags for all companions, as defined in the text, are listed in the last column of this table.
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FIGURE 4 This Teg-Mg diagram shows all detected

companions, whose effective temperatures are either listed in the
SHC or for which Apsis-Priam temperature estimates are available.
Companions, which are the primary components of their stellar
systems, are illustrated as yellow star symbols. The main sequence
is plotted as dashed gray line for comparison

of all detected companions except for CTOI 253040591 B,
CTOI 341411516 B, CTOI 369376388 C, TOI 2092 B, and
TOI 2127 B. We summarize the photometric properties of
these companions in Table 4. The companions are all sev-
eral magnitudes fainter than the associated (C)TOIs, but
appear bluer than their primaries. Furthermore, the tem-
peratures of these companions, derived from their absolute
G-band magnitudes, adopting that they are main-sequence
stars, is about 2,800-7,800 K lower than the temperatures,
obtained from their colors, which are listed in Table 4.

In Figure 5, we plot these companions together with
the other components of their stellar systems, in a Teg-Mg
diagram. For comparison, we show in this diagram the
main sequence from Pecaut & Mamajek (2013), as well
as evolutionary mass tracks of DA white dwarfs from the
white dwarf models of Holberg & Bergeron (2006), Kowal-
ski & Saumon (2006), Tremblay et al. (2011), and Bergeron
et al. (2011). While the brighter primary components of
these systems as well as the secondary CTOI 369376388 B

Nachrichten

are all main-sequence stars the five faint companions are
clearly located below the main sequence and their Gaia
photometry is well consistent with that expected for white
dwarfs, except for TOI 2127 B, which is discussed in more
detail below.

As shown in Figure 6, due to their wider angular
separations (p > 8.8 arcsec) the faint companions CTOI
253040591 B, CTOI 341411516 B, and CTOI 369376388
C are all detected next to their primaries in all sky sur-
vey images, taken in the optical spectral range, while they
remain invisible in the near-infrared J-band images of
the Two Micron All Sky Survey (2MASS). If these three
companions would be low-mass main-sequence stars their
absolute G-band magnitudes correspond to masses in the
range between 0.12 and 0.2 M. Such low-mass compan-
ions would exhibit apparent J-band magnitudes between
14.0 and 16.2 mag (extinction is taken into account, adopt-
ing Aj/Ac = 0.34, as derived by Mugrauer 2019). As the
2MASS J-band images exhibit SNR = 10 detection limits
between 16.4 and 16.6 mag, the companions should eas-
ily be detectable in these images, which is however not the
case. Hence, the companions exhibit an intrinsic faintness
in both the optical and near infrared spectral range that
clearly rules out that they are low-mass main-sequence
stars. Therefore, we conclude that these stars are all white
dwarf companions of the associated (C)TOIs, which is
indicated with the wD flag in Table 3.

As illustrated in the Tei-Mg diagram in Figure 5, TOI
2127 B is located in the range between the main sequence
and the white dwarf tracks slightly closer to these tracks
than to the main sequence. Hence, from its Gaia photome-
try alone the classification of the nature of this companion
remains uncertain. However, TOI 2127 (alias HAT-P-18)
was also observed in the near infrared (F139M) with the
Wide Field Camera 3 (WFC3), aboard of the Hubble Space
Telescope (HST). Two images of the star were taken on
February 11, 2016, and on January 12, 2017, each with
an integration time of 29.7 s. Beside the exoplanet host
star also its faint companion TOI 2127 B is detected in
the HST images on average at p = 2.667 +0.006 arcsec &
PA = 186.2+0.3°, very well consistent with the relative

TABLE 4 The photometry of the five white dwarf companions, detected in this survey
Companion A(Bp — Rp) (mag) AG (mag) (Bp — Rp) (mag) (Bp — Rp), (mag) Ter (K)
CTOI 253040591 B —0.2954 +0.0454 8.6180 +0.0042 0.5392+0.3322 0.3672103378 72637177
CTOI 341411516 B —0.3460 +0.0714 8.6006 +0.0053 0.4841 +0.0698 0.4724007%¢ 68793%
CTOI 369376388 C —1.3829 £0.0120 5.1889 +0.0040 0.1757 +£0.0088 —0.1438*017% 1091670
TOI 2092 B —0.2398 +0.2533 8.3105 + 0.0096 0.6278 +0.2532 0.5768702348 6542174
TOI 2127 B -0.3113+0.1537 6.5909 £ 0.0064 0.9283 +0.1537 0.8203*01%%7 5785785

Note: For each companion we list the color difference A(Bp — Rp), and the G-band magnitude difference AG to the associated (C)TO], its apparent (Bp — Rp)
color, as well as its derived intrinsic color (Bp — Rp)y, and effective temperature T,
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FIGURE 5  Te4-Mg diagram of the stellar systems with

white dwarf components, detected in this survey. The main
sequence is plotted as gray dashed line and the evolutionary mass
tracks of DA white dwarfs with masses of 0.5 and 0.6 M, as black
dotted lines, respectively. The primaries of the systems are shown as
white circles, main-sequence companions as black, and white dwarf
companions as white crossed circles, respectively

Gaia EDR3 astrometry of the companion, as listed in
Table 2. The first epoch WFC3 image of TOI 2127 is shown
in Figure 7.

We have used aperture photometry to determine the
magnitude difference between the companion and the
exoplanet host star in both WFC3 images and obtained
AF139M = 8.01 +£0.09 mag. The exoplanet host star is
listed in the SHC as a main-sequence star with a mass
of 0.78*092Mo. If its companion would be a low-mass
main-sequence star as well, its absolute G-band mag-
nitude, listed in Table 3, corresponds to a mass of
0.15+0.01 M, following the Mg-mass relation from
Pecaut & Mamajek (2013). According to the Dartmouth
Stellar Evolution Database (Dotter et al. 2008), for such
a low-mass stellar companion we would expect a mag-
nitude difference to HAT-P-18 of AF139M = 4.7 mag
at the age of the exoplanet host star of about 12 Gyr
(Hartman et al. 2011). However, the companion is sig-
nificantly fainter (by about 3.3 mag) in the near infrared
than expected for a low-mass main-sequence star. There-
fore, from its Gaia and HST photometry we conclude
that TOI 2127 B is a white dwarf companion of the exo-
planet host star. Follow-up spectroscopic observations are
needed to further constrain its properties, as well as those
of all the other degenerated companions, detected in this
survey.

The histograms of the properties of all companions,
presented here, are illustrated in Figure 8. The compan-
ions exhibit angular separations to the (C)TOlIs, in the
range between about 0.8 and 63 arcsec, which corresponds

to projected separations of 117 up to 9,463 au. Accord-
ing to the underlying cumulative distribution function,
the frequency of the companions is the highest and con-
stant up to about 500 au while it continually decreases
for larger projected separations. Half of all companions
exhibit projected separations of less than 1,300 au. In total,
seven stellar systems (six binaries and one hierarchical
triple) are detected with projected separations below 200
au, namely: TOI 2009 AB, TOI 2072 AB, TOI 2183 AB, TOI
2299 AB, TOI 2384 AB, TOI 2422 AB, and CTOI 369376388
AB+C(WD), i.e. these systems are the most challenging
environments for planet formation, identified in this study.

The masses of the companions range between about
0.09 My and 4.5 My (average mass is ~0.6 My). The
highest companion frequency is found in the cumulative
distribution function in the mass range between 0.15 and
0.6 M, which corresponds beside detected white dwarf
companions mainly to mid M to late K dwarfs, accord-
ing to the relation between mass and spectral type (SpT),
described by Pecaut & Mamajek (2013). For higher masses,
the companion frequency is lower but constant up to about
1.2 M, from where it significantly decreases toward higher
masses. This peak in the companion population is also
detected in the distribution of their effective temperatures,
which exhibits the highest frequency of companions in the
temperature range between 3,000 and 4,000 K. In this dis-
tribution also, a second but fainter pile-up of companions
is prominent, which is located between about 6,000 and
6,500 K and corresponds to late to mid F type stars, accord-
ing to the Teg-SpT relation from Pecaut & Mamajek (2013).

As shown in the separation-mass diagram in Figure 9,
among all 119 companions, presented here, 6 are the pri-
mary, 106 the secondary, 6 are the tertiary, and one is the
quaternary component of their stellar systems.

In order to characterize the detection limit, reached
in this survey, we plot the magnitude differences of all
detected companions over their angular separations to the
associated (C)TOls, as shown in Figure 10.

For comparison, we show the Gaia DR2 detection limit,
determined by Mugrauer & Michel (2020) among (C)TOIs,
which are brighter than G = 12.8 mag (about 88% of
the targets with detected companions of the survey, pre-
sented here). Companions with angular separations larger
than about 1 arcsec are detectable around bright (C)TOIs
while closer companions slightly below this separation
limit with magnitude differences up to about 3 mag can be
detected by Gaia around fainter targets. The companions,
identified in this survey with astrometric solutions listed
also in the Gaia DR2, all agree with the determined Gaia
detection limit. In contrast, four companions detected in
this survey around bright (C)TOIs exceed this specific
limit. However, the astrometric solutions of these compan-
ions are listed only in the Gaia EDR3. In addition, all of the
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FIGURE 6 A CTOI 253040591

color(RGB)-composite image of
the white dwarf CTOI
253040591 B, created from
imaging data, taken in the
course of the Sloan Digital Sky
Survey (SDSS) in the i-, r-, and
g-band together with images of
the white dwarf companions
CTOI 341411516 B, and CTOI
369376388 C, taken with the
UK Schmidt Telescope (UKST)
in the filter GG395. 2MASS
J-band images of the CTOIs are
shown for comparison with the 15 arcsec
expected position of the -
companions, indicated with

black circles. While the CTOI 341411516
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companions, whose astrometric solutions are listed only in
this Gaia data release have angular separations from the
associated (C)TOIs, which are smaller than about 8 arcsec.
Both indicate that the Gaia EDR3 has a higher sensitivity
to close companions compared to its precursor.

The expected magnitude differences between the tar-
gets of this survey and low-mass main-sequence compan-
ions (indicated with gray dashed lines in Figure 10) are
estimated with the expected absolute G-band magnitudes
of these stars, as listed by Pecaut & Mamajek (2013), and
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TOI 2127
(HAT-P-18)

WFC3/HST
F139M

3 arcsec

FIGURE 7 TOI 2127 (alias HAT-P-18) observed on February
11, 2016 in the near infrared (F139M) with the WFC3 camera,
aboard of the Hubble Space Telescope. The faint companion TOI
2127 B is well detected in the image south of the exoplanet host star

the average absolute G-band magnitude of our targets
(Mg =4.5mag). Asshown in Figure 10, a magnitude differ-
ence of about 3.4 mag is reached at an angular separation
of about 1.4 arcsec around the targets of this survey. This
allows the detection of companions with masses down to
about 0.6 M, (average mass of all detected companions)
which are separated from the (C)TOIs by more than 340
au. Furthermore, companions with masses down to about
0.1 M, are detectable beyond 6 arcsec, which corresponds
to a projected separation of 1,440 au at the average target
distance of 240 pc.

4 | SUMMARY AND OUTLOOK

The goal of the survey, whose latest results are presented
here, is the detection and characterization of stellar com-
panions of (C)TOIs, i.e. of potential exoplanet host stars.
In this paper, we have explored the multiplicity of 585
(C)TOIs, which were announced in the (C)TOI Release
of the ExoFOP-TESS between the end of May and the
beginning of December 2020.

In contrast to Mugrauer & Michel (2020), who explored
the Gaia DR2 to search for companions around (C)TOIs,
the continuation of this survey, presented here, is based on
Gaia EDR3 astro- and photometry. We have used the target
sample as well as the detected companions to characterize
the differences between both Gaia data releases regard-
ing their sensitivity and the accuracy of their astrometric

solutions. Within the applied search radius around the
targets in total about 36,100 sources with accurate astro-
metric solutions were identified in the Gaia EDR3 while
only about 34,000 such objects were found in the same
regions on the sky in the Gaia DR2. In addition, among
all 119 companions, detected in this survey, 12 have astro-
metric solutions only listed in the Gaia EDR3 (indicated
with the EDR3 flag in Table 3) and all of these companions
are located within 8 arcsec around the associated (C)TOIs.
Therefore, we conclude that the Gaia EDR3 contains about
10% more sources with accurate astrometric solutions and
is more sensitive in particular for close companions at
angular separations below about 10 arcsec compared to
its precursor. In addition, the astrometric solutions of the
targets and their companions in the Gaia EDR3 exhibit
uncertainties in their astrometric position, parallax, and
proper motion, which are smaller by factors of about 0.6,
0.6, and 0.4, respectively, compared to the Gaia DR2. The
larger number of detected sources, the higher sensitivity
in particular for close companions, as well as the more
accurate astrometry of the Gaia EDR3 compared to its pre-
cursor, found in this study, all agree well with the general
characteristics of both Gaia data releases, as described by
Gaia Collaboration et al. (2018), and Gaia Collaboration
et al. (2020).

In total, we have detected companions around 113
of the 585 targets, whose multiplicity was studied here.
Hence, the multiplicity rate of the investigated (C)TOIs
is at least about 19 + 2%, which is consistent with the
multiplicity rate of (C)TOIs, reported by Mugrauer &
Michel (2020).

Beside 107 binaries also 5 hierarchical triple star sys-
tems and one quadruple system were detected, in which
either the (C)TOI exhibits a close and a wide companion
or a close binary companion instead, which is located at a
wider angular separation. As it is expected for the compo-
nents of gravitationally bound stellar systems, the (C)TOIs
and the detected companions are equidistant and share
a common proper motion, as proven with their accurate
Gaia EDR3 parallaxes and proper motions. In particular,
the direct proof of equidistance of the individual com-
ponents of the stellar systems, as done in this survey by
comparing their parallaxes, was not feasible in earlier mul-
tiplicity surveys before the release of the accurate Gaia data
because in particular for the majority of the faint com-
panions their parallaxes could not be measured by the
ESA-Hipparcos mission (Perryman et al. 1997).

However, 35 companions, identified in this survey,
were already listed in the WDS, either as co-moving
companions or as companion-candidates of the (C)TOlIs,
which still needed confirmation of their companionship,
eventually yielded by this survey. Although the WDS is
currently the most complete available catalog of multiple
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FIGURE 9 The separation-mass diagram of the companions, FIGURE 10 The magnitude differences of all detected

detected in this survey. Companions, which are the primary
components of their stellar systems, are plotted as star symbols,
those which are secondaries as circles, tertiary components as
triangles, and quaternary components as squares, respectively.
Detected white dwarf companions, for which a mass of 0.6 Mg, is
adopted, are plotted with white crossed symbols. The separations of
the two companions TOI 2001 B, and TOI 2115 B, for which no
masses could be determined, are indicated with black arrows

star systems, which contains relative astrometric measure-
ments of multiple systems spanning a period of more than
300 years, in this study 84 (i.e. 70% of all) companions were
detected, which are not listed in the WDS, indicated with
the x flag in Table 2. This demonstrates the great poten-
tial of the ESA-Gaia mission for multiplicity studies of
stars, in particular, for the detection of wide companions,
as it is illustrated with the derived detection limit of this
survey, shown in Figure 10. On average, all stellar com-
panions with masses down to about 0.1 M, are detectable
in this study around the targets beyond about 6 arcsec
(or 1,440 au of projected separation) and approximately
half of all detected companions exhibit such separations.
In total, companions are identified with projected separa-
tions between about 120 and 9,500 au and the frequency

companions plotted versus their angular separations to the
associated (C)TOIs. The Gaia detection limit, found by Mugrauer &
Michel (2020), is shown as dotted line for comparison. The expected
average magnitude difference for companions with 0.1 or 0.6 M, is
drawn as gray dashed horizontal lines. Companions of (C)TIOs
brighter and fainter than G = 12.8 mag are plotted as open circles
and filled black circles, respectively. Companions, whose astrometric
solutions are only listed in the Gaia EDR3, are shown as open boxes

of companions is constant up to about 500 au and con-
tinually decreases for larger projected separations. The
companions, detected in this survey, exhibit masses in the
range between about 0.09 Mg and 4.5 Mg and are most
frequently found in the mass range between 0.15 and 0.6
M. Beside low-mass main-sequence stars (mainly early to
mid M dwarfs) also 5 white dwarfs could be identified as
co-moving companions of the (C)TOIs, whose true nature
was revealed in this survey, using their accurate astro- and
photometric properties.

For 99 (i.e. about 83% of all) companions, presented
here, significant (sig-pr > 3) differential proper motions
1re relative to the associated (C)TOIs were detected. We
derived the escape velocities pes. of all these companions
using the approximation, described in Mugrauer (2019).
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TABLE 5
identifier), whose differential proper motions . relative to the

List of all detected companions (sorted by their

(C)TOIs significantly exceed the expected escape velocities pies.

Hrel Hesc

Companion (masyear™!) (masyear!)
TOI 1946 B 5.65+0.22 2.09 +£0.07
TOI 1966 B 1.06 +0.04 0.52 +0.02
TOI 2006 B 0.68 +0.02 0.54 +£0.03
TOI 2050 B 4.93 +0.04 2.51 +0.06
TOI 2218 A 2.42+0.05 0.74 +£0.04
TOI 2239 B 0.58 +0.02 0.30 +0.02
TOI 2281 B 1.26 +0.02 0.96 +£0.05
TOI2325B 2.59+0.05 1.73+0.01
TOI 2358 B 1.75+0.16 0.58 +£0.03
TOI 2409 B 3.11 +0.03 0.87 +0.02
TOI 2417 B 3.23+0.03 2.13+£0.09
CTOI 35703676 B 3.71+0.10 0.50+0.03
CTOI 135145585 B  4.19+0.09 0.42 +£0.02
CTOI 151628217 B 1.35+0.02 0.31 +0.02
CTOI 197760286 B 5.51+0.14 1.92+0.13
CTOI 230236827 B 6.56 +0.05 5.68 +0.02
CTOI 288240183 B  5.46 +0.51 0.98 +0.10 * * *
CTOI 288240183 C  3.77+0.53 0.87 +0.05 * %k
CTOI 300116105B  1.95+0.10 1.24+0.05

Note: Companions, which are already known to be members of hierarchical
triple star systems, are indicated with x %

The differential proper motion of most of these com-
panions is consistent with orbital motion. In contrast
for 19 companions, their differential proper motions sig-
nificantly exceed the expected escape velocities, indicat-
ing an increased degree of multiplicity, as discussed in
Mugrauer (2019). Two of these companions are located
in an already confirmed hierarchical triple star system.
Follow-up high contrast imaging observations are needed
to further explore the multiplicity status of all these par-
ticular systems and their companions, which are summa-
rized in Table 5.

The survey, whose latest results are presented here, is
an ongoing project and its target list is steadily growing
due to the continuing analysis of photometric data, col-
lected by the TESS mission. The multiplicity of all these
newly revealed (C)TOIs will be explored in the course of
this survey and detected companions and their determined
properties will be reported regularly in this journal and
will also be made available online in the VizieR database

(Ochsenbein et al. 2000),> and at the Webpage of the
survey.® The results of this survey combined with those of
high-contrast imaging observations of the (C)TOIs, which
can detect close companions with projected separations
down to only a few au, will complete our knowledge of the
multiplicity of all these potential exoplanet host stars.
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