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Reasons for measuring dynamical masses.

Is it a brown dwarf Are evolutionary Are atmospheric
or is it a star? models accurate? models accurate?
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Reasons for measuring dynamical masses.

Important when you care about the
object’s past (e.g., habitability) or future.

Is it a brown dwarf
or is it a star?
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Reasons for measuring dynamical masses.
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Reasons for measuring dynamical masses.

Are atmospheric |
GRAVITY Collaboration, Nowak et al. 2020
models accurate?
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Reasons for measuring dynamical masses.
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Reasons for measuring dynamical masses.

Is it a brown dwarf Are evolutionary Are atmospheric
or is it a star? models accurate? models accurate?
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Outline
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Methods for measuring dynamical masses.

Wish List
» resolvable photometry
» resolvable spectra
» measurable radius
» known age

» known composition

Trent Dupuy (U. of Edinburgh)



Methods for measuring dynamical masses.
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Brown dwarf binaries are great!

Crossfield et al. (2014)
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Methods for measuring dynamical masses.

Wish List

> resolvable photometry

> measurableradius

» known age
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Methods for measuring dynamical masses.

Wish List
»-resolvable photometry
resolable-specira

» measurable radius
Transiting/Eclipsing
» known age

» known composition
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Methods for measuring dynamical masses.

Wish List
resolvable-photometry
7 resolvable spectra
B e e

» known coeval age

> known co-compostior
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Methods for measuring dynamical masses.

» resolvable photometry

> resolvable spectra Visual binaries

» known* (coeval) age

Companions

» known (co-)composition
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Methods for measuring dynamical masses.

G(M~+m)/4n? = o’/ P?

Visual binaries Companions
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My = (a4+a,)°/ P?

M, = M (a,/ a)
M, = M (a,/ a)

Visual binaries
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M = a3/ P?



Visual binaries
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wide-field imaging




Visual binaries
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Methods for measuring dynamical masses.

G(M~+m)/4n? = o’/ P?

Visual binaries Companions
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ASSUMES r AND r
MEASURED
SIMULTANEOUSLY

Companions
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For normal stars, these should all agree...

Trent Dupuy (U. of Edinburgh)



Apg
“ A“H BRLY
", /\ 2016.0

1991.25

An = acceleration

Trent Dupuy (U. of Edinburgh)



Companions
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Challenges in measuring dynamical masses.

G(M+m)/4n? = a3/ P?

Visual binaries Companions

Trent Dupuy (U. of Edinburgh)



Visual binaries
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G(M+m)/4n2 = a3/

Visual binaries

4 : A
Need « in au not arcsec =2
precise parallax required.

. [1% parallax 2 3% mass] >

4 N

\

Need >30% orbit coverage, but
P~ [(3 au)3/(0.07 M;)]'/2~ 20 yr )




Visual binaries
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Methods for measuring dynamical masses.

G(M+m)/4n? = a3/ P?

Visual binaries Companions
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First dynamical masses of uliracool (brown?) dwarfs.

Is it a brown dwarf LHS 1070BC
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A ' ! : "1"11 —
5 oof :
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Leinert et al. (2001)
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First dynamical masses of uliracool (brown?) dwarfs.

Gliese 569 Bab

Is it a brown dwarf

1 1 ? 012 . ' .
or is it a star? Lane et al. (2001)
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First dynamical masses of uliracool (brown?) dwarfs.

Is it a brown dwarf Gllese 569 qu Zapatero Osorio et al. (2004)
or is it a star? e
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First dynamical masses of uliracool (brown?) dwarfs.

e 2MASSW J0746425+2000321AB

Bouy et al. (2004)
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First dynamical masses of uliracool (brown?) dwarfs.

2MASS J15344984-2952274AB

Is it a brown dwarf
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Quantitative empirical tests.

2MASS J15344984-2952274AB

Are atmospheric

models accurate? S
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Quantitative empirical tests.
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Aside: yes, we can reliably estimate L,
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Quantitative empirical test: mass, L., and age.

Are evolutionary
models accurate?

ADec (mas)
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Reasons for measuring dynamical masses.

Lithium

Are evolutionary ‘ - IR e 4
models accurate? il TEIDE 1 ,

. substellor Y “".. Hot vs cold start
> boundary . planet formation
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Where is the end of the main sequence?
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1 Dupuy & Liu (2017)
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Could the substellar boundary be higher?

Luminosity (Ls,.)
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th'l' dbOU'l' ClOUdS? cloud free (Baraffe et al. 2003)
cloudy (Chabrier et al. 2000)

hybrid (Saumon & Marley 2008)

Are evolutionary
models accurate?

-
o
N

10

Luminosity (Lg

108 109 1010
Age (yr)

Trent Dupuy (U. of Edinburgh)



Binary test: components must be coevall

Dupuy & Liu (2017)
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Binary test: components must be coevall

1090(Lpor / Lsun)
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Reasons for measuring dynamical masses.

Lithium

Are evolutionary ‘ | N a | i
models accurate? TEIDE | |

Eps Ind A
Star

substellar YOI . Hot vs cold start
> boundary . planet formation

Trent Dupuy (U. of Edinburgh)



Luminosity (Lg,,)

107°

Age (yr)
Models from Spiegel & Burrows (2012)

dotted lines are 3x solar metallicity
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Given L, age, initial entropy
- model mass

colder start 1 hot start
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Given L, age, initial entropy
- model mass

15

colder start 1 hot start

e

measured
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Given L, age, initial entropy
-2 model mass

hot start
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What's next for dynamical masses?
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Mass (M, )

BHAL: mafals =

-

10" 10"
Model-derved Age (yr)

Trent Dupuy (U. of Edinburgh)

5 ‘ k
| TEIDE 1

T,
depletion




\ puENy
0“
k4

e g g ; "““ Mgas e.g.,
Pollack+96 { @ ;“— QGravitational BoSs+97,00
Hubickyj+05 Shock Instability cammie+0]
I\/\orley+07 Rafikov+05
Fortney+08 Core Accretion stleerJ?(?” 2
Mordasini+13,17 amarelios
Marleau+14,19 Mp >>Mi Mp1 = M Whitworth 09
: Kratter+10
Supercritical Subcritical l \
Shock Shock
Accretion after Accretion before
/\ second collapse second collapse
Low Mcore | |High Meore Supercritical Subcritical
Shock Shock

Cold Start| |Warm Start| |Hot Start
Baruteau et al. (2016) —

Irent Dupuy (U. of Edinburgn)



Mass—Magnitude—Metallicity Relation
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Gaia Is Transforming “2"9 Eon” Model Tests, Too.

Brandt, Dupuy et al. (2021)
A over-luminous
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