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Motion of Earth 
around the Sun

Proper motion



Parallaxes -  
Distance Ladder



Parallaxes -  
Distance Ladder

Accurate distance to an 
important calibrator

Pleiades

Melis et al. (2014)



Parallaxes - Local Stellar 
Kinematics

Dehnen & Binnen (1998)



Parallaxes - Kinematic 
Associations

Malo et al. (2013)

Grouping in distance

Convergent point kinematics

Grouping in 3D space



Parallaxes - Luminosity/
Mass Function

Cruz et al. (2007)

Temperature



Parallaxes - Luminosity/
Mass Function

Cruz et al. (2007)

Temperature

Kirkpatrick et al. (2012)
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Gaia will save us all!         

ESA/Gaia

“We want to emphasize that…Gaia DR1 cannot be 
considered as giving a final and definite answer on the 

so-called Pleiades distance discrepancy.” - Gaia Collab.

Gaia Collaboration (2016)



Gaia will save us all!         

ESA/Gaia

Gaia DR2(7.364 +/- 0.005 mas)

Gaia Collaboration (2016)



Gaia will save us all!…
maybe

Gaia will be 
incomplete for 
nearby, ultracool 
objects

Theissen (2018)



The Wide-field Infrared 
Survey Explorer (WISE)

NASA/JPL

All-sky survey in 4 mid-
infrared (MIR) bands (3.4, 
4.6, 12, and 22 microns)



Ultracool objects 
produce very little 
flux at optical 
(Gaia) 
wavelengths. 

Flux increases at 
MIR wavelengths 
for the coolest 
objects.

Is WISE better (than Gaia)?



Ultracool objects 
produce very little 
flux at optical 
(Gaia) 
wavelengths. 

Flux increases at 
MIR wavelengths 
for the coolest 
objects.

Is WISE better (than Gaia)?



Ultracool objects 
produce very little 
flux at optical 
(Gaia) 
wavelengths. 

Flux increases at 
MIR wavelengths 
for the coolest 
objects.

Is WISE better (than Gaia)?



WISE Survey Strategy

~90o
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WISE Survey Strategy

Roughly every 6 months for 7 years

~90o



Measuring Parallaxes with WISE

Luhman (2013)

WISEDENIS/ 
2MASSDSSDSS



Can we do better with just WISE?

Theissen (2018)

One WISE pixel is 
2750 mas (2.75”) 

We can get a 
relative uncertainty 
of ~10 mas       
(for bright 
sources)

standard

error

relative

error

2MASS J02550357-4700509



Can we do better with just WISE?

Equations of Motion



Equations of Motion

Plug into your favorite solver 
(I prefer the emcee; Foreman-Mackey+ 2013)

Can we do better with just WISE?

Dan Foreman-Mackey (YouTube)
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Yes we can!

Theissen (2018)

Luhman (2013)

Bedin et al. (2017)

HST!



Theissen (2018)

Yes we can!

Luhman (2013)

Bedin et al. (2017)

HST!



2MASS J1324+6358 (~11 Mjup)

Gagné et al. (2018)



Some caveats -  
PSF dipole residuals

Meisner, Lang, & Schlegel (2018)

Presumably due to “PSF models adopted by the 
WISE team are not symmetric with respect to 
swapping the scan direction"



Correction for the 
PSF dipole residuals

Use reference objects close to the target object to 
correct for this shift (10’ x 10’ image)



Correction for the 
PSF dipole residuals

Correction applied to QSOs (bright, non-moving)
Theissen (2018)



Very important correction

Typical L7 field dwarf



Very important correction

Typical L7 field dwarf

Boring



Wait one second

- Possible low-gravity 
(young, overluminous) 
object 

- Likely member of a young 
moving group.



Wait one second

ApJ Letter on the way!



What are the limits?

Theissen (2018)

This method can, in principle, be used for objects 
out to ~25 pc.



What are the limits?

W2 = 10.86 
Spectrophotometric distance = 15—24 pc 
Gaia DR2 = 19.53 ± 0.55 pc (goodness of fit is baaaad)

d = 19 ± 2 pc



What are the limits?

W2 = 9.98 
Other trigonometric distances: 
     URAT = 22.0 ± 2.8 pc 
     Gaia DR2 = 27.62 ± 0.41 pc (goodness of fit is baaaad)

d = 26 ± 3 pc



Overluminous Binaries

Unresolved binaries 
appear overluminous 
(highly dependent on 
flux ratio)

M9.5+T5

M6+M8.5

L0+L1.5

L1.5+L4.5
L3.5+L6.5

L7.5+T0.5

T5+T5

M7+?
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Or…low surface gravity

Young, low-
gravity objects 
are also 
overluminous

Faherty+ (2016)



Controversy?

Theissen (2018)

Spectral type - Absolute 
magnitude diagram 



Controversy?

Theissen (2018)

Spectral type - Absolute 
magnitude diagram 

Spectral binary: L8+T3.5 
(Burgasser+ 2010) 

Burgasser+ (2010)



Controversy?
Spectral type - Absolute 
magnitude diagram 

Spectral binary: L8+T3.5 
(Burgasser+ 2010) 

Object appears to be 
more consistent with a 
single object (T2; 
Looper+ 2007)

Theissen (2018)

Looper+ (2007)



Future directions: 
unWISE for deeper photometry

Meisner, Lang, & Schlegel (2018)

unWISE 
coadd

Single 
frame

WISE J201404.13+042408.5



Thanks for listening



Gaia by the numbers         


