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Why is multiplicity important? The Initial Mass Function

Thies+ 2015

Thies+ 2015

Multiplicity plays a critical role in the IMF

The overall shape of the IMF is 
dependent on the number of  

binary (and higher order) systems 

Here, binarity is 20% for BDs, 
80% for stars.
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More on the IMF: Formation mechanisms

The overall shape of 
the IMF is highly 
dependent on the 
number of  binary 
(and higher order) 
systems

Thies+ 2015

Discontinuity has been interpreted as a different  
formation mechanism (stars versus BDs). 

Likely more than 1 formation pathway

Thies & Kroupa 2007
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Populations initially pulled from an IMF 🤔



Reipurth & Mikkola (2015)

Jumper & Fisher 2013

Star+BD 
binaries

BD+BD 
binaries

Star+VLM 
binaries

Multiplicity is an important function of formation scenarios for brown dwarfs

Why multiplicity? Testing formation scenarios

Turbulent Fragmentation

o - Stellar primary 
* - VLM primary 
+ - BD primary
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The Gaia 25 pc sample - Building a complete sample

Overluminous binaries



The VLM 25 pc sample
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Overluminous binaries

The VLM 25 pc sample
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But lots of binaries are 
found here too!

Overluminous binaries

The VLM 25 pc sample
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Still finding new (nearby) binaries

Bardalez Gagliuffi+ 2018

DSS IR 2MASS Ks WISE W1

WISE J1355-8258

Spectral Binary
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Mass-age-temperature degeneracy

Burrows+ 2001

Brown Dwarfs

Stars

Late M & early L dwarfs  
can be stars or BDs!

Main 
Sequence



Where does this fit in the IMF?
Bardalez Gagliuffi+ 2018
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ESA/Gaia

Gaia can save us! All of us!
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NASA/JPL

The Wide-field Infrared Survey Explorer (WISE)

All-sky survey in 4 mid-
infrared (MIR) bands (3.4, 

4.6, 12, and 22 microns)

Ultracool objects produce 
very little flux at optical 
(Gaia) wavelengths. 

Flux increases at MIR 
wavelengths for the 
coolest objects.
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Roughly every 6 months for ~8 years

~90o

WISE survey strategy (still ongoing)



Luhman 16AB: 3rd closest system (L7.5+T0.5)

Theissen 2018



WISE J1355-8258: Constraining the distance

NASA/JPL
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WISE J1355-8258: Constraining the distance

NASA/JPL
17  5 pc±

Bardalez Gagliuffi+, in prep 
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Young or old? BD or giant planet? Distance is the key
Bardalez Gagliuffi+ 2018



Many unresolvable binaries lie within 25 pc
Bardalez Gagliuffi+ (2018)

Hsu+ in prep

T0 + T4.5 System

[or Burgasser+ in prep]



What are the completeness limits at the bottom?
Bardalez Gagliuffi+ (2018)

Incomplete at ~13 pc

Complete to 25 pc 
(maybe)

Bardalez Gagliuffi+ 2018
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The lowest mass binary 
detected:  
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Brown dwarf? Giant planet? Planetary-mass object?
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Best+ 2017

The lowest mass binary 
detected:  

2MASS J11193254−1137466

Kellog+ 2015
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Brown dwarf? Giant planet? Planetary-mass object?



Extreme mass ratios are hard to detect
Bardalez Gagliuffi+ (2018)

Binary systems are important diagnostics for 
anchoring the degenerate secondary component to 
the higher-mass primary for things like age & temp.



Finding new binaries: Hipparcos-Gaia accelerators
Bardalez Gagliuffi+ (2018)

Gaia uncertainties 
underestimated (but 
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that)

~24 year 
baseline

Brandt 2018



Finding new binaries: Hipparcos-Gaia accelerators
Bardalez Gagliuffi+ (2018)

Gaia uncertainties 
underestimated (but 
we won’t get into 
that)

~24 year 
baseline

Brandt 2018



Brandt+ 2019

Finding new binaries: Hipparcos-Gaia accelerators



Wide (very low-mass) binaries in the field (>1000 au)
Bardalez Gagliuffi+ (2018)

Theissen+ in prep



Wide (very low-mass) binaries in the field (>1000 au)
Bardalez Gagliuffi+ (2018)

Theissen+ in prep

Theissen+ in prep



Why are wide binaries so wide? Binding energies
Bardalez Gagliuffi+ (2018)

Dhital+ 2010



Why are wide binaries so wide? Binding energies
Bardalez Gagliuffi+ (2018)

Dhital+ 2010

Empirical limits 
on stability



Why are wide binaries so wide? Binding energies
Bardalez Gagliuffi+ (2018)

Dhital+ 2010

Empirical limits 
on stability

Simulated lifetimes 
of wide binaries
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Why are wide binaries so wide?: binding energies

Law+ 2010

Hierarchical triple systems can resolve (some) binding energy issues

~50% of wide, early M dwarf (>M5) binaries were hierarchical triples!

Only 8-10 known very low-mass triples (Mtot < 0.3Msun)
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Keck 10-m NASA IRTF 3-m

Lick Shane 3-m

SpeX - Low-res NIR spectra
NIRES - Med-res NIR spectra 
ESI - Med/High-res optical spectra 
NIRSPEC - High-res spectra 
*OSIRIS - NIR integral field spectra

ShARCS -  
AO NIR Imaging

*Proposed time
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Best+ 2017

Hsu+ in prep
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Still looking for a good acronym

Thanks

Many results forthcoming!


