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Brown dwarfs were baked into WISE

The primary scientific objectives of NGSS are: 

• The nature and evolutionary history of ultra-luminous infrared galaxies  
(ULIRGs), and the identification of the single most luminous galaxy in the  
universe (§A.1.2.4). 

• The space density, mass function, and formation history of brown dwarf  
  stars in the solar neighborhood. NGSS will be exceptionally sensitive to  
  old, cold brown dwarf stars with T ~ 125 - 1000 K (Jupiter-Gliese 229B),  
  among which is likely to be the nearest star to the sun (§A.1.2.5).

From the 1998 proposal for the  
Next Generation Sky Survey (NGSS):
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• Daniella Bardalez Gagliuffi  
J-W2 colors and their utility on finding spectral binaries  
 

• Chris Gelino  
Uncovering Faint Companions of WISE Brown Dwarfs 

Not on the docket



W1 & W2 were tuned to find cool 
brown dwarfs
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Cool brown dwarfs are red in W1-W2
No. 6, 2010 THE WIDE-FIELD INFRARED SURVEY EXPLORER (WISE) 1875

Figure 12. Color–color diagram showing the locations of interesting classes of
objects. Stars and early-type galaxies have colors near zero, while brown dwarfs
are very red in W1–W2, spiral galaxies are red in W2–W3, and ULIRGS tend to
be red in both colors.

4.1. Brown Dwarf Stars

Brown dwarf stars are very faint, since they are not massive
enough to fuse hydrogen into helium. As a result, they gradually
fade and cool, and old brown dwarfs will be very cool and
faint. Both Jupiter with L = 10−9 L⊙ and Gliese 229B with
L = 10−5 L⊙ have very strong emission at 4.6 µm due to
a lack of methane absorption at this wavelength (Kirkpatrick
2005). Thus, the 4.6 µm band of WISE is a powerful tool for
finding cool brown dwarfs. Most of the brown dwarfs found prior
to WISE have been discovered using the z′ band of SDSS or
the J band of 2MASS or UKIDSS, but fairly high temperatures
are required before there is substantial emission in either of these
short-wavelength bands. As a result the currently known sample
of brown dwarfs is biased toward the hotter, and thus younger,
objects. WISE is able to find 10 Gyr old brown dwarfs and thus
should detect a high density of stars in the solar neighborhood.
The expected number density of brown dwarfs is one to two
times the density of ordinary stars (Reid et al. 1999; Chabrier
2002).

The expected number of brown dwarfs that WISE will see
can be computed using models for the emitted spectra of brown
dwarfs and the luminosity and effective temperature of brown
dwarfs as a function of mass and age (Burrows et al. 2003).
These model spectra are plotted as νFν/Fbol in Figure 13. The
spectra can also be used to compute the dimensionless ratios
of νFν/Fbol for each WISE band, which turn out to be well
described by simple functions of the effective temperature Te.
The functional forms plotted in Figure 14 are given by
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Figure 13. Brown dwarf spectra selected from Burrows et al. (2003) smoothed
to 1% resolution. Curves are labeled with the effective temperature from 797 K
at the top to 312 K at the bottom.
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Figure 14. Flux in the WISE bands compared to the bolometric flux as a function
of Teff for the models of Burrows et al. (2003). Simple functional fits are shown.

with x = hν/(2.29kTe) for band 2 in green,
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We can exploit a unique spectral feature

Wright et al. (2010) 

3-color images: blue (W1), green (W2), red (W3)
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How do we search for cold brown dwarfs?

courtesy D. Kirkpatrick

≥



Brown dwarf demographics  
and cartography



WISE has vastly increased the 
number of late-type brown dwarfs
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WISE has vastly increased the 
number of late-type brown dwarfs
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Poster: Mike Liu  
 
Surveying the Extended Solar Neighborhood with  
Pan- STARRS and WISE 



WISE is filling out the local 8 pc volume

data from Kirkpatrick et al. (2012, ApJ, 753, 156)  
courtesy Adam Schneider 
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Luhman’s binary and brown dwarf



Luhman’s binary and star

Today, 1:30 pm: Kevin Luhman 
 
Searching for Brown Dwarfs Near the Sun with WISE 
Proper Motions 



WISE 1828+2650
W1-W2 > 4.08
J-H = 0.7
J = 23.5 mag
d = 11-14 pc



WISE 1828+2650 is not a T dwarf
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f�(1.25µm) ⇡ f�(1.6µm), J � [4.5] ⇠ 9 ! Te↵ < 300 K



There are ~23  Y dwarfs known
Spectroscopic Photometric 
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Figure 1. Discovery images of WD 0806-661 B at 4.5 µm (Luhman et al. 2011) and new data at 3.6 µm, J (1.24 µm), and J3 (1.29 µm). WD 0806-661 B is detected
at 3.6 µm but not in J and J3. It is partially blended with a background object in the 3.6 µm image. We have applied PRF subtraction to the latter prior to measuring
astrometry and photometry for WD 0806-661 B. The size of each image is 40′′ × 40′′.

exposure of WD 0806-661 B through the 3.6 µm filter at
each position in a 12-point dither pattern. These observations
were conducted through Astronomical Observation Request
41905408 for program 70203.

The Spitzer Science Center pipeline (version S18.18.0) per-
formed the initial processing of the individual 3.6 µm images.
We then combined these images into one mosaic using the Over-
lap and Mosaic pipelines within the Mosaicking and Point-
source Extraction software package (MOPEX; Makovoz &
Marleau 2005). We used MOPEX rather than the software ap-
plied to the 4.5 µm data by Luhman et al. (2011) since it of-
fers drizzling and point response function (PRF) subtraction,
which are beneficial for our analysis of WD 0806-661 B, as
described below. We re-reduced the two sets of 4.5 µm images
with MOPEX as well. A plate scale of 0.′′6 pixel−1 was selected

for the final mosaics. To optimize the accuracy of the relative
astrometry between the three mosaics, we measured new world
coordinate systems (WCSs) for the first and third epochs of data
based on the second epoch mosaic in the manner described by
Luhman et al. (2011).

The reduced IRAC images surrounding the position of
WD 0806-661 B are shown in Figure 1. We indicate the de-
tections of the companion in the first two epochs at 4.5 µm.
WD 0806-661 B is detected in the new image at 3.6 µm at the
location expected based on its astrometry and proper motion
from the 4.5 µm data (Section 3.1), although it is much fainter
than at 4.5 µm. In the 3.6 µm image, WD 0806-661 B is par-
tially blended with another source at a distance of ∼2′′ that is
similar in brightness, which is presumably a background star
or galaxy. The use of drizzling within MOPEX has optimized
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Figure 1. Images of WISE 0855−0714 from VISTA, WISE, Gemini, and Spitzer. In the WISE images, WISE 0855−0714 is a blend of a moving object that dominates
at W2 and two stationary sources that likely dominate at W1. The circles indicate the positions of the moving component in the WISE and Spitzer images; it is not
detected by VISTA or Gemini. The size of each image is 1′ × 1′.

0855−0714. I retrieved the single exposure images from the
NASA/IPAC Infrared Science Archive, and coadded all images
at a given filter for each of the two epochs. The resulting images
at W1 and W2 are shown in Figure 1. The mean coordinates

of WISE 0855−0714 from the single exposure catalogs in each
epoch agree with the positions of the W2 source in the coadded
images, but each epoch’s source in W1 is near the midpoint
between those coordinates. In other words, the W2 source shows
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• The J-band narrows 

• The Y/J/H peaks move 
towards unity ratios.  

• The peak of the Y band 
shifts blueward.

The Y dwarf sequence
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Brown dwarf astrophysics  
enabled by WISE



Y dwarfs are cool, Teff < 500 K
The Astrophysical Journal, 799:37 (16pp), 2015 January 20 Leggett et al.

Figure 8. Absolute W2 magnitude as a function of various colors for T7 and later type dwarfs. For WD 0806−66B the W2 magnitude is uncertain (δM = 0.4) and we
have replaced it with the Spitzer 4.48 µm magnitude transformed to W2 by adding 0.1 magnitude (Leggett et al. 2013). See note regarding WISE J035000.32−565830.2
in the caption to Figure 7. Sequences are as in Figure 7.

We discuss possible solutions to these problems in the next
section.

7. DISCUSSION

7.1. Y0 Dwarfs, Teff ≈ 400 K

As noted above, for Y0 dwarfs with Teff ≈ 400 K, we have
found that our state-of-the-art models generate fluxes that are
about a factor of two too low at Y, H, K, [3.6], and W3 (filter
profiles are shown in Figure 6). For the Y, H, and W3 bandpasses
(the ∼1.05, 1.6, and 12.0 µm spectral regions) Figure 5 shows
that the dominant opacity source is NH3. Figure 5 also includes
cross sections for an arbitrary reduction in NH3 abundance of a
factor of two. In that case the dominant opacity in the Y band and
in the blue wing of the H band (1.5–1.6 µm) becomes pressure-
induced H2. The result would be that the pronounced double
absorption feature at 1.03 µm goes away, and the flux in the Y
and H bands significantly increases, all of which is in agreement
with the observations (see Figure 10). Note that the dominant
opacity in the J band is already H2, and the agreement between
the cloud-free or thin-cloud models and the data are good for J
(Figure 10).

For most of the W3 band (8–17 µm) the dominant opacity is
NH3 and remains so even if the abundance is halved. However,
the absorption would be dramatically weakened—note that
Figure 5 is plotted on a log scale. In this band, weakening
the NH3 absorption could mimic the gain caused by the
redistribution of flux due to increasing cloud cover (Figure 6).

With ammonia absorption significantly reduced, the remain-
ing problems would be too little flux in the K and [3.6] bands.
The 2–4 µm flux is sensitive to CH4 opacity (Figure 5) and new
models should be calculated with a more complete CH4 linelist
(although, as mentioned previously, at these very low tempera-
tures large changes are not expected). The pressure-temperature
structure of new models will in any case change once the change
in the NH3 absorption is incorporated, and this alone is likely to
impact the 2–4 µm flux.

For higher Teff models than considered here, convective
mixing leads to more N2 and less NH3 in the spectrum-forming
part of the atmosphere (e.g., at Teff ≈ 600 K, Leggett et al.
2009). However, Morley et al. (2014, their Figure 16) show that
preliminary models that include vertical mixing do not resolve
the discrepancies for 400 K brown dwarfs—the introduction
of disequilibrium chemistry has a large impact on the H − K

12

Leggett et al. (2014,  ApJ, 799, 37)
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Colors transition at the T/Y boundary

– 30 –

Fig. 13.— Left: Y � J color as a function of spectral type for T and Y dwarfs. T dwarfs

from the SpeX Prism Spectral Library are represented by blue triangles, while synthesized

colors of brown dwarfs in this study are represented by cyan circles. Small o↵sets have been

added along the abscissa for di↵erentiation purposes. Center: J �H color as a function of

spectral type for T and Y dwarfs. Right: HST colors as a function of spectral type for T

and Y dwarfs. Synthetic photometry of brown dwarfs in this study are represented by cyan

circles, while colors found using aperture photometry are represented by orange squares.

Schneider et al. (submitted) 
 
see also Liu et al. (2012, ApJ, 758, 57) 
Lodieu et al. (2013, A&A, 550, L2)

Schneider et al. (submitted) 
 

see also Mace et al. (2013, ApS, 205, 6) 
Leggett et al. (2013, ApJ, 763, 130)



As a result of Na2S and KCl formation

– 30 –

Fig. 13.— Left: Y � J color as a function of spectral type for T and Y dwarfs. T dwarfs

from the SpeX Prism Spectral Library are represented by blue triangles, while synthesized

colors of brown dwarfs in this study are represented by cyan circles. Small o↵sets have been

added along the abscissa for di↵erentiation purposes. Center: J �H color as a function of

spectral type for T and Y dwarfs. Right: HST colors as a function of spectral type for T

and Y dwarfs. Synthetic photometry of brown dwarfs in this study are represented by cyan

circles, while colors found using aperture photometry are represented by orange squares.

Loss of the 7600 Å K I doublet

increased opacity in the NIR



The mass function summarizes how 
molecular clouds turn gas into stars
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The mass function is most sensitive 
to the coolest brown dwarfs

2500 2000 1500 1000 500
Teff (K)

0.1

1.0

10.0

100.0

N
um

be
r p

er
 1

00
 K

 w
ith

in
 1

0 
pc

Mmin=1 MJup

α=−1
α=0 (also Mmin=10 MJup)
α=+1

dN

dM
/ M�↵



We can rule out α=+1
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And, a simple  
power law doesn’t  
appear to match  
the data well.

Kirkpatrick et al. (2012, ApJ, 753, 156) 
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Poster:  Mariusz Gromadzki  
 
 
Searching for Y dwarfs at the faint limits of WISE 



Brown dwarfs were baked into WISE

The primary scientific objectives of NGSS are:| 

• The nature and evolutionary history of ultra-luminous infrared galaxies  
(ULIRGs), and the identification of the single most luminous galaxy in the  
universe (§A.1.2.4). 

• The space density, mass function, and formation history of brown dwarf  
  stars in the solar neighborhood. NGSS will be exceptionally sensitive to  
  old, cold brown dwarf stars with T ~ 125 - 1000 K (Jupiter-Gliese 229B),  
  among which is likely to be the nearest star to the sun (§A.1.2.5).

From the 1998 proposal for NGSS  
(Next Generation Sky Survey):



• Today, 1:30 pm: Kevin Luhman 
Searching for Brown Dwarfs Near the Sun with WISE 
Proper Motions  

• Today, 4:35 pm:  Adam Schneider 
The NEOWISE-Reactivation Proper Motion Survey - 
Methods and Initial Result 

• Thursday, 4:20 pm:  Kendra Kellogg 
Searching for Ultracool Subdwarfs Using the AllWISE 
Motion Survey

Kinematic searches with WISE
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