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Directly imaged planets!

HR 8799 (Marois et al. 2008, 2010)!

Initial mass function!

Da Rio et al. (2012)!
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Need independent 
measurements of:!

mass + age + luminosity!
to test these models.!
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to test these models.!
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Mtot = 0.1095±0.0022 M!!

Dupuy et al. (2009, 2011)!
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Kepler!

Mtot
! a 3!

P2 !  =!

Trent Dupuy (CfA/SAO) 

Mtot = 0.1095±0.0022 M!!

Dupuy et al. (2009, 2011)!
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How do we test the models?!

Dupuy et al. (2010)!

-  measure:  Lbol,1  Lbol,2 
and Mtot!

-  at each age compute 
M1 and M2 from Lbol 
values using model!

-  apply Mtot constraint to 
the computed M1+M2 
values to get age!

Pros:!

 - retains high precision 
of the input mass, Lbol!

 - readily derive any 
physical property !



HD 130948!
Dupuy et al. (2009)!
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!
!

model-derived age: 450±30 Myr!

First Test of Substellar 
Luminosity Evolution!

Mtot = 0.1095±0.0022 M!!



Mamajek & Hillenbrand (2008)!

HD 130948A: Prot = 7.8 days!
               0.8 ± 0.2 Gyr!
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HD 130948!
Dupuy et al. (2009)!
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References — Mamajek & Hillenbrand (2008); Barnes 
(2007); Takeda et al. (2007); Stern et al. (1995); Gaidos 
(1998); Gaidos (2000); Hünsch et al. (1999); Stelzer & 
Neuhäuser (2001); Soderblom et al. (1993a,b,c)!

Age Indicator! Age (Myr)! Error!

Gyrochronology! 790±190! 25%!

Chrom. activity! 500±300! 60%!

Isochrones! 300"2500! #2$!

X-ray activity! #Hyades! …!

Lithium! #Hyades! …!

Trent Dupuy (CfA/SAO) 

Mtot = 0.1095±0.0022 M!!

!
model-derived age: 450±30 Myr!

First Test of Substellar 
Luminosity Evolution!
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10-5!

10-4!

10-3!
B component! C component!

Tucson!
Lyon! Models are "2! 

under-luminous!

HD 130948!
Dupuy et al. (2009)!
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First Test of Substellar 
Luminosity Evolution!



Trent Dupuy (CfA/SAO) 

Directly imaged planets!

HR 8799 (Marois et al. 2008, 2010)!

Initial mass function!

Da Rio et al. (2012)!

“Luminosity problem”: evolutionary models under-luminous!
•   HD 130948BC model age inconsistent with primary star!

Mind the Gap: BDs & Exoplanets 
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Luminosity problem: !
Model-derived mass too high?!

7 MJup! 10 MJup!

10 MJup!

HR 8799 planetary system!
(Marois et al. 2008)!

Trent Dupuy (CfA/SAO)!
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Luminosity problem: !
Model-derived mass too high?!

7 MJup! 10 MJup!

10 MJup!

Dynamical stability analysis 
shows model-derived masses 

likely too high by 20−30%!
(Gozdziewski & Migaszewski 2009;!

Fabrycky & Murray-Clay 2010)!

HR 8799 planetary system!
(Marois et al. 2008)!

7 MJup!

7 MJup!

5 MJup!

Trent Dupuy (CfA/SAO)!



Mamajek & Hillenbrand (2008)!

HD 130948A: Prot = 7.8 days!
               0.8 ± 0.2 Gyr!

Caveats!
•  What if the star’s 
rotation period was 
affected by the 
presence of these 
companions?!

• Are the errors on 
the gyro age really 
Gaussian? !

•  Can you really 
trust the age for a 
single star? !

Mind the Gap: BDs & Exoplanets Trent Dupuy (CfA/SAO) 

Luminosity 
Problem!
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HD 130948BC!
•  47 AU projected separation from 
G1-type host star!

•  790 Myr (±0.08 dex) gyro age!

•  [Fe/H] = 0.05!

•  L4+L4 spectral types!

Gliese 417BC!
•  1970 AU projected separation 
from G0-type host star!

•  750 Myr (±0.08 dex) gyro age!

•  [Fe/H] = 0.09!

•  L4.5+L6 spectral types!

Credit: M
. Liu, T. Dupuy!

Credit: 2M
ASS / IRSA!
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Fig. 1.— Left: Relative astrometry for Gl 417BC along with the best-fit orbit – error bars for the

data are smaller than the plotting symbols. The short dotted line indicates the time of periastron

passage, the long dashed line shows the line of nodes, and small empty circles show predicted future

locations. Right: Measurements of the projected separation and P.A. of Gl 417BC. The best-fit

orbit is shown as a solid line. The bottom panels show the observed minus computed (O � C)

measurements with observational error bars.
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Fig. 1.— Left: Relative astrometry for Gl 417BC along with the best-fit orbit – error bars for the

data are smaller than the plotting symbols. The short dotted line indicates the time of periastron

passage, the long dashed line shows the line of nodes, and small empty circles show predicted future

locations. Right: Measurements of the projected separation and P.A. of Gl 417BC. The best-fit

orbit is shown as a solid line. The bottom panels show the observed minus computed (O � C)

measurements with observational error bars.

Mtot = 0.095±0.003 M!!

!
model-derived age: 500±50 Myr!



Mamajek & Hillenbrand (2008)!

Gl 417A: Prot = 8.3 days!
               0.75 ± 0.15 Gyr!
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Dusty!
"

#age = 0.25±0.09 dex!
#age = 0.17±0.08 dex!

"
#age = 0.21±0.06 dex!
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Dusty!
"
Mass derived from 
models too high by 

≈0.1 dex!
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Masses derived from Lbol + age!
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Fig. 2.— Left: Bolometric luminosity as a function of age for a 0.050M� borwn dwarf as predicted

by several di�erent evolutionary models: Dusty (Chabrier et al. 2000) and Cond (Bara�e et al.

2003) models from the Lyon group; dusty (fsed = 2), cloudless, and hybrid models from Saumon &

Marley (2008); and models from Burrows et al. (1997). The range in model predicted luminosity is

typically �0.2 dex (�60%). Right: Comparison of masses that would be derived from evolutionary

models given Lbol and age. The impact of clouds on luminosity evolution can result in model-

derived masses that di�er by as much as ±25%, as in the case of the cloudy versus hybrid Saumon

& Marley (2008) models.
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Fig. 2.— Left: Bolometric luminosity as a function of age for a 0.050M� borwn dwarf as predicted

by several di�erent evolutionary models: Dusty (Chabrier et al. 2000) and Cond (Bara�e et al.

2003) models from the Lyon group; dusty (fsed = 2), cloudless, and hybrid models from Saumon &

Marley (2008); and models from Burrows et al. (1997). The range in model predicted luminosity is

typically �0.2 dex (�60%). Right: Comparison of masses that would be derived from evolutionary

models given Lbol and age. The impact of clouds on luminosity evolution can result in model-

derived masses that di�er by as much as ±25%, as in the case of the cloudy versus hybrid Saumon

& Marley (2008) models.
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Fig. 2.— Left: Bolometric luminosity as a function of age for a 0.050M� borwn dwarf as predicted

by several di�erent evolutionary models: Dusty (Chabrier et al. 2000) and Cond (Bara�e et al.

2003) models from the Lyon group; dusty (fsed = 2), cloudless, and hybrid models from Saumon &

Marley (2008); and models from Burrows et al. (1997). The range in model predicted luminosity is

typically �0.2 dex (�60%). Right: Comparison of masses that would be derived from evolutionary

models given Lbol and age. The impact of clouds on luminosity evolution can result in model-

derived masses that di�er by as much as ±25%, as in the case of the cloudy versus hybrid Saumon

& Marley (2008) models.
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by several di�erent evolutionary models: Dusty (Chabrier et al. 2000) and Cond (Bara�e et al.

2003) models from the Lyon group; dusty (fsed = 2), cloudless, and hybrid models from Saumon &

Marley (2008); and models from Burrows et al. (1997). The range in model predicted luminosity is

typically �0.2 dex (�60%). Right: Comparison of masses that would be derived from evolutionary

models given Lbol and age. The impact of clouds on luminosity evolution can result in model-

derived masses that di�er by as much as ±25%, as in the case of the cloudy versus hybrid Saumon

& Marley (2008) models.
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2003) models from the Lyon group; dusty (fsed = 2), cloudless, and hybrid models from Saumon &

Marley (2008); and models from Burrows et al. (1997). The range in model predicted luminosity is

typically �0.2 dex (�60%). Right: Comparison of masses that would be derived from evolutionary

models given Lbol and age. The impact of clouds on luminosity evolution can result in model-

derived masses that di�er by as much as ±25%, as in the case of the cloudy versus hybrid Saumon

& Marley (2008) models.
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Cond!
"

#age = 0.19±0.09 dex!
#age = 0.11±0.08 dex!

"
#age = 0.15±0.06 dex!

!
!
!

vs. Dusty!
"

#age = 0.21±0.06 dex!
!
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SM08 hybrid!
"

#age = 0.31±0.10 dex!
#age = 0.22±0.09 dex!

"
#age = 0.26±0.06 dex!

!
!
!

vs. Dusty!
"

#age = 0.21±0.06 dex!
!
!
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Trent Dupuy (CfA/SAO) 

•  Models really do under-predict the luminosity of 
≈45−55 MJup brown dwarfs at ≈800 Myr (at 4$).!
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Trent Dupuy (CfA/SAO) 

•  Why? !
•  Model radii are probably not to blame – transiting 

brown dwarfs around these masses agree well.!
•  Magnetic fields never made much sense…!
•  Cond models actually agree better, even for these 

dusty L dwarfs " patchy clouds?!

•  Models really do under-predict the luminosity of 
≈45−55 MJup brown dwarfs at ≈800 Myr (at 4$).!
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Trent Dupuy (CfA/SAO) 

•  Why? !
•  Model radii are probably not to blame – transiting 

brown dwarfs around these masses agree well.!
•  Magnetic fields never made much sense…!
•  Cond models actually agree better, even for these 

dusty L dwarfs " patchy clouds?!

•  Beware that the various models make quite different 
predictions for the Lbol evolution of substellar objects.!

•  Models really do under-predict the luminosity of 
≈45−55 MJup brown dwarfs at ≈800 Myr (at 4$).!

Mind the Gap: BDs & Exoplanets 


