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Two separate topics?
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True, they are different topics. We chose 
you just as a "bridge" :-)



Spindown: the solar case

2. contraction

1. disk braking

3. wind braking

Irwin & Bouvier 2009



Rotation 2007, M<0.08 Msol

Herbst et al. 2007; with datapoints from Scholz et al. 2004, 2005, 2009, Martin & Zapatero 
Osorio 1997, Terndrup et al. 1999, Bailer-Jones & Mundt 1999, 2001, Clarke et al. 2002, 
Joergens et al. 2003, Zapetero Osorio et al. 2003



Rotation 2013, M<0.08 Msol

UCDs: Heinze et al. 2003, Artigau et al. 2009, Lane et a. 2007, Koen 2006, Radigan et al. 2012
young BDs: Caballero et al. 2004, Cody & Hillenbrand 2010, Rodriguez-Ledesma et al. 2009

ultracool 
dwarfs

young BDs



UCDs: constraints from vsini

Reiners & Basri 2008, Delfosse et al. 1998, Mohanty et al. 2003

12 h



Bimodal breaking

• bimodal wind breaking 
apparent in Praesepe

• possible explanations: 
dynamo (Scholz et al. 
2009), magnetic field 
topology (Morin et al. 
2011), radius-dependent 
breaking law (Reiners & 
Mohanty 2011)

Scholz et al. 2011, Delorme et al. 2011





• largest sample of BD 
periods: ONC dataset by 
Rodriguez-Ledesma et al. 
2009

• most stars have P=1-10 d,   
median period drops with 
decreasing mass

• bimodal at high masses, 
unimodal for M<0.3Ms

Young brown dwarfs



Period vs. mass
Scholz & Eisloeffel 2005Cody & Hillenbrand 2010

agreed: period-mass trend holds down to 0.05 Msol; but <J/M> 
constant with mass, i.e. young BDs rotate fast because they are small

disagreed: what about the breakup limit?



Rotation 2013, M<0.08 Msol

UCDs: Heinze et al. 2003, Artigau et al. 2009, Lane et a. 2007, Koen 2006, Radigan et al. 2012
young BDs: Caballero et al. 2004, Cody & Hillenbrand 2010, Rodriguez-Ledesma et al. 2009

ultracool 
dwarfs

young BDs



The disk braking debate

• for stars: for ages of 1-5 
Myr P is constant (but J is 
not), i.e. rotation is 
regulated for several Myr

• Spitzer: evidence for disk 
braking for stars - fast 
rotators are predominantly 
disk-less

• physics unclear, ‘disk 
locking’ is not sufficient

Credit: NASA/JPL-Caltech/R. Hurt (SSC)



BD disk braking - no

• ‘the data do not support a 
direct connection between 
rotation rate and the 
presence of a disk’.

• but small numbers, fast 
rotators are in fact 
predominantly diskless

Cody & Hillenbrand 2010



BD disk braking - yes

• ‘highly variable objects 
rotate slower than the 
low-amplitude variables, 
which is expected in a 
disk-locking scenario’

• but small sample, no 
meaningful conclusion 
possible

Scholz & Eisloeffel 2004



Rodriguez-Ledesma et al. 2011:  sample sufficiently large, 
signature of disk braking disappears in the brown dwarf regime

but only NIR data available to identify disks. 

BD disk braking - no



BD disk braking - yes

Mohanty et al. 2005, conf. proc.
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In a nutshell

There are two main conclusions:

1. Disk braking happens in brown dwarfs.

2. Wind braking does not.

There are also a lot of unknowns.



Blueprint for disk evolution

1. young star accreting from a 
flared disk, dust and gas well 
mixed, viscous evolution

2. onset of grain coagulation and 
dust settling to the disk midplane

3. rapid inner disk clearing

© A. Sicilia Aguilar



BD disks prior to Spitzer

• NIR surveys, few objects 
with detection in MIR or 
beyond 

• scaled down T Tauri 
disks, lifetimes not vastly 
different from stars, 
disks down to ~10 Mjup

• evidence for flaring, dust 
settling, grain growth, 
Silicate feature

Comeron et al. 1998, Natta et al. 2001, 2002, Muench et al. 2001, Testi et al. 2002,  Apai et al. 2002, 2004, 
Pascucci et al. 2003, Jayawardhana et al. 2003, Liu et al. 2003, Sterzik et al. 2004, Mohanty et al. 2004, et al.

Natta et al. 2002



After Spitzer

• about 100 BDs with 
disks are published

• ages from 1-10 Myr, 
down to masses of ~10 
Mjup

• still only about 10 with 
submm/mm detection, 
but more to come

Scholz et al. 2007

disk

no disk

Allers et al. 2006, Luhman et al. 2005a, 2005b, 2008, Riaz et al. 2006, 2007, 2008, 2009, Scholz et al. 
2007, Scholz & Jayawardhana 2008, Monin et al. 2009, Guieu et al. 2007, Harvey et al. 2012, et al.



Disk fractions

ChaI: Damjanov et al. 2007, Luhman et al.
IC348: Luhman et al. 2005, Lada et al 2006

0

10

20

30

40

50

60

K-M stars BDs

ChaI IC348
SOri UpSco

SOri: Hernandez et al. 2006, Caballero et al. 2007
UpSco: Scholz et al. 2007, Dawson et a. 2013



Transition disks

• BDs with inner opacity 
holes with radii 
0.1-1AU, i.e. at 2-5μm

• claims that the TD 
frequency is higher than 
for stars

• but do not hold: 19% in 
UpSco, clearing 
timescales ~0.4 Myr Muzerolle et al. 2006, Luhman et al. 2007, 

Sicilia Aguilar et al. 2008, Dawson et al. 2013

© NASA/JPL-Caltech/T. Pyle (SSC)



Disk evolution

Scholz et al. 2012

age



Dust settling

flaring power or conversely the degree of dust settling can account for 
a) most of the SED diversity at any given age and b) the SED evolution

at 1AU: h~10 R★at 1AU: h~29 R★

Scholz et al. 2009



Is dust settling mass-dependent?

• Szücs et al. (2010): ‘disks 
around lower mass stars 
are flatter’

• Mulders & Dominik 
(2012): self-similar disk 
models at all masses

• implications for planet 
formation

self-similar disk models scaled to 1 Lsol



Silicate feature

ChaI, Pascucci et al. 2008 UpSco, Scholz et al. 2007



The submm/mm regime

• disks (mostly) optically 
thin, i.e. fluxes sensitive 
to total dust mass and 
outer radius

• SED slope sensitive to 
dust opacity

• ALMA will, of course, 
start a new era

Ricci et al. 2012



Grain growth

Ricci et al. 2012, 2013, Bouy et al. 2008, see Pinilla et al. 2013



Disk masses

Mohanty et al. (2013), Harvey et al. 2012 (orange box)



Disk radii

• 1.3 mm survey:  outer 
disk radius ≳10 AU for 6 
BDs (Scholz et al. 2006)

• edge-on disk: 20-40 AU 
(Luhman et al. 2007)

• resolved CARMA disk: 
15-30 AU

• first ALMA disk: 15-40 
AU (Ricci et al. 2012) Ricci et al. 2013



Planet formation?

• long-lived disks, with 
mm-sized grains

• disk masses and sizes 
scale with object mass

• miniature planetary 
systems seem possible

• Earth-mass planets rare 
(Payne & Lodato 2007)

© Jon Lomberg



In a nutshell

Brown dwarfs have scaled-down versions of 
T Tauri disks. 

But why?


