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AIMS

3

Measure distances 
to Y-dwarfs

Resolve Y dwarfs 
in binaries. 



DEFINITION

“Failed stars” 

They don’t raise the 
core temperature (∼3 
×106 K) to ignite 
hydrogen fusion. 

“Super Jupiters” 

Higher masses but 
same sizes and 
atmospheres as giant  
planets like Jupiter. 

Burgasser 2008
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CORE TEMPERATURE (TC) VERSUS AGE OF LOW 
MASS STARS AND BROWN DWARFS.

FIG I. Tc vs age Burrows et al. 2001
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There are 21 Y dwarfs 
confirmed.

Y DWARFS

Cushing et al 2014.

some triggers: 
 

•  NH3 in near-infrared 
•  Water cloud formation 

below 400-500 K. 
•  The reversal of the 

blueward trend of J-H 
and J-K at the T/Y 
transition. 

 

Teff ~ 400-250 K 



ADAPTIVE OPTICS (AO) 

What does AO do? 

¡ Reduce “image 
size” (FWHM) 

-> See more details.

¡ Concentrate the light

-> See fainter objects.

 

AO off AO on 

Credit image: GMT (Giant Magellan 
Telescope). 



HOW DOES AO WORK? 

�  Measuring the optical path 
deviations using a 
wavefront sensor (WFS)

�  Calculating a correction

�  Applying this correction to 
a deformable mirror (DM), 
which is deformed 
inversely to the incoming 
wavefront



LIMITATIONS 
�  First AO systems used natural guide stars (NGSs) to calculate 

the correction à 10 % sky coverage

�  Advanced AO systems use NGSs + artificial guide stars (LGSs). 
à 30 % sky coverage

Currently, most 8-10m telescopes are equipped with 
classical single-conjugate adaptive optics systems 

(SCAO), operating with either a single NGS or LGS, 
and a single deformable mirror. 
FoV of few tens of arc-seconds! 



MULTI-CONJUGATE�
ADAPTIVE OPTICS SYSTEM (MCAO) GeMS 

•  The only MCAO system 
operative.

•  It uses 5 LGSs, up to 3 NGSs 
and 2 DM.

•  Increased FoV (2.0 arcmin).

•  Sky coverage 50%



OBSERVATIONS

�  GeMS + GSAOI (infrared 
camera)

�  GSAOI:  FoV of 85arc-
secondsx85arc-seconds

�  Filter: CH4S passband (1.486–
1.628 μm). 

�  We planned 6-8 epochs per 
target (Chilean-Australian-US 
time)

 

Sample of  Y dwarfs

Y dwarfs Spectral1 
Type

Mag2

J3 (mag)
Dist3

(pc)

W1639 Y0pec 20.57 4.94

W1541 Y0 20.99 5.71 

W0713 Y0 19.42  9.20 

W0535 ≥Y1 22.09 13.51

W0359 Y1 21.40 15.82

1Kirkpatrick et al. 2013 & Schneider et al. 
2013.

2,3 Tinney et a.l 2014.



PROJECT I:  ASTROMETRY, WHY?

�  Distances are critical in 
astronomy

�  AO: better PSF FWHM 
à better astrometric 
accuracy

�  Test MCAO astrometric 
performance

FOURSTAR

(MAGELLAN)

•  Field of view:10.9' 
x 10.9'

•  FWHM: ~400 mas 

•  Astrometric 
accuracy: ~ 4 mas

GSAOI/GeMS

(GEMINI)

•  Field of View:85’’x 
85’’

•  FWHM:  ~85 mas

•  Astrometric 
accuracy: ~ 2.67 
mas

W1613 mag ~ 20 H



PROJECT II : BINARITY, WHY?  

Constrain star 
formation models 
(Separation, binary 
fraction, mass ratio). 

Measure dynamical 
masses.

Means for 
discovering even 
cooler objects.



WHY? BINARY FRACTION

Solar-type 65 %
Duquennoy & Mayor 1991

M-dwarfs 40-10 %
Delfosse et al. 2004

Brown-dwarfs 30-10 %
Burgasser et al. 2007

Observational bias or 
formation?

Binaries with mid-T to late-T 
dwarf primaries:

•  They are scarce 15-25% 
Aberasturi et al. 2014 

•  They are tight (2-15 AU)
       Aberasturi et al. 2014

•  New system T/Y transition, 
sep. of 0.93 AU. 

     Dupuy et al. 2015



SEARCHING FOR COMPANIONS

0.8”x0.8”

N

W
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PSF analysis! 



LIMITS 
Simulations (star injections) + photon-counting (flux a 

companion would need to be detected with a S/N of 3)  

 



W1541,  W1639 & W0713
(~19-20 J3)

W0535 & W0359
(~21-22 J3)

�  FWHM 80-90 mas.
�  PSF stars >10
�  They are not equal mass/

luminosity binaries down 
to 0.5 AU (angular separation 
limit of 0.08”)

�  FWHM 110-120 mas.
�  PSF stars ~ 5
�  They are not equal mass/

luminosity binaries down to 
1.6-1.9 AU.

W0359/W0535 (over-luminous by 0.6 
and 1.1 mag, Tinney et al. 2014)

If they are not binaries

cloud coverage

RESULTS (Opitz et al. 2016)



PROJECT I:  ASTROMETRY 

LIMITATIONS 

�  reduced field of view 
�  astrometric distortions  

(plate scale is not uniform) 

 
 

At the beginning of 2013, nobody 
has been done a AO systematic 

parallax program



DISTORTIONS 

•  Disco-Stu (Gemini tool) 

- uses a pre-defined static distortion correction model 
-  generated by Rodrigo Carrasco (Gemini team) 
-  with Large Magellanic Cloud observations 
-  stars positions calibrated with advanced camera for surveys (ACS) 

in the Hubble Space Telescope (HST) 
-  a precision of 1 mas 

-  align and stack GSAOI/GEMS images 



RESULTS, ASTROMETRY 

�  Less epochs than expected! 
� W0713 (7), W1541(5) and < 3 for the rest of the 

targets (poor weather, classical night canceled, laser 
failed) 

� Astrometry for two objects (e.g. Tinney, 1996; Tinney et 
al., 2012; Tinney et al., 2014) 

 
•  Obtain positions of objects each image. 
•   Transfer to a master frame using a linear transformation and  
•  Determine proper motions and parallaxes 



W0713 W1541 

RESULTS, ASTROMETRY 



without correcting for static 
distortions (W0713) 

correcting for static distortions 
(W0713) 

�  all the frames together (no-
stacking) 

�  a rms scatter of  ~ 0.1 to 0.3 
pixels (2-6 mas)  

. 

�  stacking (7 epochs) 

�  a rms scatter of  ~ 0.04 to 0.2 
pixels (0.8-4.0 mas) 

RESULTS, ASTROMETRY 



RESULTS, ASTROMETRY 

W0713 W1541 
Magellan GeMS Magellan GeMS 

π(mas) 108.7±4.0 107.9±4.9 175.1±4.4 169.9±16.6 

μ(mas/y) 540.2±7.3 554.5±4.7 899.0±4.2 894.3±13.9 

μα(mas/y) 350.3±4.7 361.2±4.2 -894.7±4.2 -894.1±13.6 

μδ(mas/y) -411.3±5.6 -420.8±2.6 -87.9±4.7 16.8±13.1 



OTHER MEASURUMENTS 

CROWDED FIELDS 

�  Neichel et al., 2014 report a rms of ~ 0.2 mas (single 
epoch) and a rms of 0.5-2.6 mas (multi-epoch, for 
transformations using 3 and 15 degrees of freedom). 

 
�  Proper motions have delivered accuracies of 0.03 mas/y 

mas (Massari et al., 2016) and 0.3 mas/y (Fritz et al., 2016). 



CONCLUSIONS 

�  First, none of these Y dwarfs are equal-mass/equal 
luminosity binaries with separations larger than  0.5-1.9 
AU. 

�  Our best data are for W1541, shows no evidence of an 
equal-mass/equal-luminosity binary at separations down to 
0.5 AU (0.08’’). 

�  Second, GSAOI-GeMS would be able to detect binary 
companions as much as 4.4 mag fainter than the known Y 
dwarf at separations beyond 0.08’’. 



CONCLUSIONS 

�  GSAOI+GeMS is not a powerful combination to 
implement an parallax program for sparse fields. 

�  Variable distortions cannot be removed from sparse fields 
as this process requires high order transformations and 
consequently, many reference stars. 

 
�  The astrometric potential of GeMS can be best exploited 

performing astrometric studies by targeting crowded 
fields. 



THANK YOU FOR YOUR 
ATTENTION

QUESTIONS?



SPECTRAL CLASSIFICATION
�  M dwarfs (3500-2100 °K) 

Magnetically active. Stars most common in Milky Way. 

�  L dwarfs (2100-1300 °K)  

Optical: Hydride bands (FeH, CrH, MgH, CaH) and 
alkali metal lines (NaI, K I, Cs I, Rb I)  

�  T dwarfs (1300-500 °K)  

Their atmospheres have CH4 and H2O. 

�  Y dwarfs (<500 °K)  

Coldest brown dwarfs, first examples of which have 
recently been found NH3 

Adapted from Burgasser 2008 



Thermonuclear fusion capability Formation process

�  They form analogously to stars 
(e.g. McCaughrean 2001).

�  Brown dwarfs are sub-products of 
star formation (e.g Reipurth & 
Clarke 2001).

BROWN DWARF /PLANET DISTINCTION 

Brown Dwarf 

Planet < 13 MJ 

Very short (20 Myr).  
It is not very useful! 

Deuterium Burning Limit 
Tc ~ 2x105 K 



ADAPTIVE OPTICS 
�  Limitations

¡  Distortions
÷ Complex and variable 

Point Spread Function 
(PSF)

÷ Variable plate scale.

¡  Smaller field of view
÷ Difficulties to find 

enough good stars (high 
SNR/bright) to set a 
good PSF. CREDIT: James R. Graham (UCB) 

with IRCAL on the Lick 
Observatory 3m. CfAO 



WHY? OVERLUMINOSITY

Tinney et al. 2014
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