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Neighborhood  Horizons 



Cerro Tololo Inter-American Observatory 

0.9m 1.5m 

parallax  
program 
$600/nt 

RV 
program 
$200/hr 

4.0m 1.0m Schmidt 

SMARTS telescopes at CTIO 



  10 pc 

RECONS 10 Parsec Sample 

309 systems                      as of October 2017 



10 Parsec Census 
Gaia DR1 

π for 62 systems 
− 4 + 3 = − 1 

Prediction 1: 
Gaia will add 

 < 10% of stars 
within 10 pc 



Parallax Errors 

Gaia 



Short-Term 
Astrometry 
P      1.94 yr 
αphot     26 mas  
 
A      M4.0 V 

     0.25 M¤ 
 
B      M5.0 V 

     0.16 M¤ 



Long-Term 
Astrometry 
P      9.8  yr 
αphot     46 mas  
 
A      M5.0 V 

     0.2 M¤ 
 
B/C     BD/BD 
            ~ 30 Mjup 



Long-Term 
Astrometry 
P    > 13  yr 
αphot   > 25 mas  
 
A    M8.5 V 

   0.1 M¤ 
 
B    BD 

   ~ 30 Mjup 



Planet Search 

Lurie, Henry, Jao  
et al. (2014) 

M dwarfs: 
few brown dwarfs 

~ zero Jovian planets 
 

Gaia 
~ 100 X 

more 
sensitive 

Prediction 2: 
Gaia will 

find planets 



AVATAR 
RECONS 

 
 
 

Gaia? 



25 pc 

Classic 25 Parsec Sample 

3692 systems                    as of October 2017 



Yale Parallax Catalog   1995 

1467 systems                                         39.7%  



346 systems                                             9.4%  

Hipparcos   1997/2007 



341 systems                                             9.2%  

RECONS   2005-present 



265 systems                                             7.2%  

Others   1995-present 



621 systems                                           16.8%  

MEarth   2014 



535 systems                                           14.5%  

USNO   2016   



fig.sky.Gai
a 

117 systems                                             3.2%  

Gaia   2016   



25 Parsec Contributions 



25 Parsec Contributions 
5000 

Prediction 3: 
Gaia will 

add 1400 stars 
within 25 pc 



50 pc 

Extended 50 Parsec Sample 



K Dwarfs: Missing Planets 



  
DSSI 

Wide Field Blinking 

 RV 

Direct Imaging 

K-KIDS 
50 pc 

Survey 

Goal: 
volume-limited 

volume-complete 

Why? 
star statistics 

planet statistics 



K-KIDS 50 pc: Original 1048 



exo 
K-KIDS 50 pc: Original 1048 

painfully 
incomplete 
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50 pc Equatorial K dwarfs

MV 

V−Ks 

Gaia 
DR1 (!)

2MASS 
KS 

Tycho-2 
V

1824 
K Dwarfs 
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K-KIDS 50 pc: Revised 1824 

                   Gaia DR2 + 200 stars 
 
 
 

Gaia DR1 + 800 stars 

2000 

Prediction 4: Gaia will add 1000 equatorial K dwarfs within 50 pc 

Original 1048 



Gemini DSSI Imaging  0.1-100 AU 
GJ 538 AB at 17 pc 

0.4ű = 7 AU 

1036 stars imaged 
 

97 companions (so far) 
Nusdeo+ 

2018 Prediction 5:  YOU want to use DSSI et al. 



1.5m Radial Velocities < few AU 

1 
week 

3.8 m/s 

6 
weeks 

11.8 m/s 

Paredes+ 
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1.5m Radial Velocities < few AU 
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1.5m Radial Velocities < few AU 

1.1 Mjup 
Porb 

10.7 days 

Hot Jupiters EASY 

Paredes+ 
2018 
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Prediction 6:  YOU want to use CHIRON. 



Final Prediction: 

YOU 
will use Gaia 

 



The Gaia Predictions 
#1   Gaia will add < 10% of stars within 10 pc. 
 
#2   Gaia will find planets. 
    
#3   Gaia will add 1400 stars within 25 pc. 
 
#4   Gaia will add 1000 equatorial K dwarfs 
            within 50 pc. 
 
Final … YOU will use Gaia. 



………………………………… 



………………………………… 



Stars vs. Brown Dwarfs in Gaia 

Smart, Marocco, 
Caballero et al. (2017)  

1885 possible brown dwarfs 
553 with Gest < 20.3 

321 recovered in DR1 

231 L0V-L2V                           90 > L2 
“ultimately, 1000 L dwarfs in DR2” 

R. Smart June 2017 

complete to L5 to 25 parsecs 
Prediction 2: 
Ricky will be 

right 



Orbits 
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arc seconds

0° (N)

90°(E)GJ 1245AC

Benedict, Henry, Franz  
et al. (2016) 

0.111 ± 0.001 M¤ 
0.076 ± 0.001 M¤ 

 
 

47 M dwarfs 
2% mass errors 



Mass-Luminosity Relation 

value was used by Delfosse et al. (1999), which led them to
conclude that the eclipsing components were subluminous. Here
we provide a much better value of 64.80±1.43mas from the
RECONS astrometry program at the CTIO/SMARTS 0.9m that
utilizes 11 years of astrometry data. This represents the weighted
mean of values determined for ACE (63.59± 1.92mas) and BD
(66.32± 2.15 mas);the system is observed as two sources at the
resolution of the 0.9 m. With this parallax, the components of the
eclipsing pair AC now fall closer to other stars in the MLR,
particularly in the Kband.

8. THE MLR

We plot all 47 stars with their masses, %, and absolute
magnitudes, MV, from Tables 10 and 11 on the V- and K-band
MLR shown in Figures 21 and 22. For the MLR at K, only the
GJ 54 AB system is missing, lacking individual MK values. The
object identifications in bold denote new or improved absolute
magnitudes and masses derived for this paper using the HST/
FGS and RV data presented here. The primaries are plotted in
blue; the secondaries arein red.

With the caveat that we are mixing stars of various ages,
metallicities, and magnetic properties, we fit the V and K mass–
absolute magnitude distribution with a double exponent (with

Figure 21. V-band MLR. The dashed line is a double exponential function fit
(Equation (10)) to masses and MV. Primaries are in blue; secondaries arein red.
MV and % residuals show differences between observed values and a fit to
Equation (10) using GaussFit. We list fit coefficients and MV,% residual rms
in Table 12. Errors for MV and mass are plotted on their respective residual
points. Points are GJ numbers without the GJ prefix, except for GU Boo
(GUB), G250-029 (G250), and G193-027 (G193). Boldface denotes new or
improved masses and absolute magnitudes from this work.

Figure 22. K-band MLR. The dashed line is a double exponential function fit
(Equation (10)) to masses andMK. Primaries are in blue; secondaries arein red.
MK and % residuals show differences between observed values and a fit to
Equation (10) using GaussFit. We list fit coefficients and MK,% residual rms
in Table 12. Errors for MV and mass are plotted on their respective residual
points. Note the marked decrease in residual size. Same point labeling as
Figure 21. GJ 54, lacking K-band photometry, is not included.

Table 12
MLR Fits and Residualsa

Param MV MK

y0 −2.59 −11.41
A1 4.77 1.64
τ1 0.03 0.05
A2 16.98 19.81
τ2 1.38 3.10
x0 0.076 0.076
rmsb M 0.19 0.09
rmsb%: 0.023 0.014
χ2 1331 384
dofc 42 40

Notes.
a Parameters in the Equation (10) double exponential.
b rms of absolute magnitude, M, and mass,%, residuals.
c dof:degrees of freedom for each fit.

27

The Astronomical Journal, 152:141 (33pp), 2016 November Benedict et al.

Benedict, Henry, Franz  
et al. (2016) 

20% mass offsets metallicity 

age 

magnetics 
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Gaia Parallax Offsets 

Jao, Henry, Riedel  
et al. (2016) 

 
612 systems 
within 25 pc 

 
−0.24 ± 0.02 mas 

 
distance dependent 

Stassun & Torres (2016) 
108 eclipsing binaries … −0.25 ± 0.05 mas … north/south asymmetry 



Wide Field 
200-10000 AU 

 
SuperCOSMOS 

+ new VRI 
 

K-KIDS Imaging 
Medium Field 

20-1000 AU 
 

SMARTS 0.9m 
new images 

 

High Res 
0.2-100 AU 

 
DSSI on 

Gemini/DCT 

HIP 99316 AB        
K0V   24 pc 

saturated to 11ű 
 GJ 538 AB 

17 pc 

B at 3.8ű 
 

B at 0.4ű 
 


