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Theories of brown dwarfs (BD) and early discoveries
The identification and classification of L subdwarfs
Physical properties of ultracool subdwarfs

Transition zones related to nuclear burnings (H, Li, D).

Properties of transitional BDs (T-BD) and degenerate BDs (D-BD)
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Theoretical predictions

Without convection, the time-scale for stars <0.1 Msun to reach radiative equilibrium is >100/Gyr.
Hayashi (1962), low-mass pre MS stars are fully convective during contraction.

Kumar 1963ab, HBMM is between 0.07 M, for Pop | (0.09 M Pop Il ).

Hayashi & Nakano (1963), HBMM ~ 0.08 M for Pop I.
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GD 165B: an L4 companion to a DA4 WD

Becklin & Zuckerman 1988; Kirkpatrick et al. 1993, 1999
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PPL 15 AB: a M6.5 lithium BD binary
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Teide 1: a M8 dwarf in the pleiades
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GL229 B: a T7 companion to a M1 dwarf

Brown Dwarf Gliese 229B
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Palomar Observatory Hubble Space Telescope
Discovery Image Wide Field Planetary Camera 2
October 27, 1994 November 17, 1995

PRC95-48 - ST Scl OPO - November 29, 1995
T. Nakajima and S. Kulkarni (CalTech), S. Durrance and D. Golimowski (JHU), NASA

Nakajima+1995; Oppenheimer+1995



Spectral classification

OBAFGK

M: CaH, TiO. (Bessell 1991; Kirkpatrick, Henry, & McCarthy 1991)

L: alkali lines, oxide, hydride (FeH). (Kirkpatrick et al. 1999; Martin et al. 1999)
T: Methane (CH4), Water, broad potassium (KI). (Burgasser et al. 2002,2003)
Y: Ammonia (NH3). (Cushing et al. 2011; Kirkpatrick et al. 2012)
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The low-mass populations
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Hour-day variable periods

e Stanimir et al. 2015,
e Biller 2017

Luhman 16B; Crossfield et al. 2014




Radio emissions

* Berger etal. 2001;
e Hallinan et al. 2008

LSR J1835+3259; Hallinan et al. 2015 =



Impacts in other fields

Sensitive to initial mass function.
Test stellar/substellar formation theories.
Help to characterize exoplanets.

As exoplanet hosts.
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Metal-poor brown dwarfs

* Halo or thick disk populations, high velocities and proper motions

* Low opacity, higher maximum mass.

e Stronger metal hydride (FeH), weaker metal oxide (CO, VO, TiO), and
suppressed NIR flux.
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Spectral classification

* Prefix + Core + Suffix for Metallicity +

Temperature and clouds + Gravity.
(Kirkpatrick 2005)

e Burgasser et la. 2007
e Kirkpatrick et al. 2010

g
o ,’ -

4 Suffix
T4 (gravity)

dM9.55 2

dTSrf:

i& F~
| L.
P TP S _—h --
1'-“
s 1 A | o -
P — y -

Core
(temperature/
clouds)

/ esdL7x

Prefix

F
A
rF
o A

4 (metallicity)

Kirkpatrick 2005 17



Spectral classification of L

subdwarfs (Primeval-l)
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T .« of subdwarfs

Effective temperature (K)
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Colours of L subdwarfs (Primeval-l, 1, 1V)
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The most metal-poor substellar object (Primeval-I})

e SDSS JO104+15
e usdL1.5
e 2450 K

* [Fe/H] =-2.4
* 0.086 M

ROYAL ASTRONOMICAL SOCIETY

Advancing Astronomy and Geophysics
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Astronomers identify purest, most massive brown dwarf

An international team of astronomers has identified a record breaking brown dwarf (a star too small for nuclear fusion)
with the 'purest' composition and the highest mass yet known. The object, known as SDSS 1J0104+1535, is a member of
the so-called halo - the outermost reaches - of our Galaxy, made up of the most ancient stars. The scientists report the

discovery in Monthly Notices of the Royal Astronomical Society.

An artist's impression of the new pure and massive brown dwarf. Credit: John
Pinfield. Click for a full size image

Brown dwarfs are intermediate between
planets and fully-fledged stars. Their mass is
too small for full nuclear fusion of hydrogen
to helium (with a consequent release of
energy) to take place, but they are usually
significantly more massive than planets.

Located 750 light years away in the
constellation of Pisces, SDSS J0104+1535 is
made of gas that is around 250 times purer
than the Sun, so consists of more than
99.99% hydrogen and helium. Estimated to
have formed about 10 billion years ago,
measurements also suggest it has a mass
equivalent to 90 times that of Jupiter, making
it the most massive brown dwarf found to
date.

It was previously not known if brown dwarfs
could form from such primordial gas, and the
discovery points the way to a larger
undiscovered population of extremely pure
brown dwarfs from our Galaxy's ancient past.

The research team was led by Dr ZengHua Zhang of the Institute of Astrophysics in the Canary Islands. He said: "We
really didn't expect to see brown dwarfs that are this pure. Having found one though often suggests a much larger hitherto
undiscovered population - I'd be very surprised if there aren't many more similar objects out there waiting to be found."




“elf

]

10 Gyr Teff isochrones with different metallicity

M-T plot for 9 models with different metallicities at 100 yr

[

CuDw R

Madels using Alesonder Zo opacities

Madels using Alesander 0.1 I, cpaciles

Madels Jf-‘lﬁg Alesgander 0.01 ZG’ opacites

Madels JEing Alexgander 0,001 ‘{‘G opoctes

alord and Hougchildt Bose models »ith 2

Alord and Houschlldt Bose models =itk 0.1 5
Alord ond Houschildi Bose models witk 0,01 Im
Alord ond Houschildt Bose modsls with LU0 Lo
Burrows et ol '83 Z moddan

|

O Sra A

Burrows 2001

L /L

L]
p—
un
|
]

L./L vs Time

0.08
Model G

0.075

0.07

0.06

0.8
Burrows+93
0.6
0.4
0.2
8

Log 1O[Tin?u-:(Year‘s)]

10




|[Fe/H]

T T T T T T T T T T T T T T T T T T T T T

I S o o S codoccs oo o S
-4} ! : '
KL / substellar transition zone I
| @ esd ! I
m usd Star 4m, W T-BD 4 =D-BD
. . | . . . . | . . . . | . . - - | . . . . | . . . . | . . . .
7000 6000 5000 4000 3000 2000 1000

Effective Temperature (K)




3000

2500}

- Primeval-VI

1}

Planetary mass BD

R

L}
[y
[y
Wt

l
|
!
2000} |
Baraffe+03, 0.1-10 Gyr, [M/H] = 0.0 |
- — — -Baraffe+15, 0.001-5 Gyr, [M/H] = 0.0 \
> | ....... Marley+19, 0.001-10 Gyr, [M/H] = 0.0 5
\-:“: L oo Marley+19, 10 Gyr, [M/H] = +0.5 i
= 1500f :+++..» Marley+19, 10 Gyr, [M/H] = —0.5 |
¢ M dwarfs !
® | dwarfs |
® T dwarfs ()]
(@
. @)
1000F QO Lidetected N
C
X <10% Li depleted 9
¢ LSR 1610-0040A B
m LSR1610-0040B C
500} o
—
Star T-BD
0 ] A A A ] ] ]
0.12 0.10 0.08 0.06

Mass (M)



The boundaries between Stars, T-BDs, and D-BDs are
around 7.9% and 6.5% Mg at Z, (Primeval-1V, Zhang+18)

Sonora models (Marley et al. 2019) . : : Sonora models (Marley et al. 2019)
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L/T transition
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Properties of L subdwarfs (Primeval-IV
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Properties of T subdwarfs (Primeval-Vl)

Spectral type — Colour
Colour — colour
Spectral type — absolute magnitude

Colour — absolute magnitude
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Table 6. T5-9 subdwarf discovery capability of Euclid and WFIRST, WISE, LSST, and CSS-OS surveys. Limiting magnitudes (mini¢) in AB system are
converted to Vega system according to table 7 of Hewett et al. (2006). Note the actual discovery number of halo T subdwarfs could be lower (see the last
paragraph of Section 6).

Name Survey Filter Coverage Mgqt7 5 Mgq17 dsaT7 Thick disc
(deg?) (AB) (Vega) (pc)

Euclid Wide slitless 15000 - 16.95 17
Euclid Wide Y 15000 - 17.41 155
Euclid Wide J 15000 - 16.52 203
Euclid Wide H 15000 16.95 136

WFIRST HLS slitless 2000 16.95 43

WFIRST HLS Y 2000 17.41 538
WFIRST HLS J 2000 16.52 773
WFIRST HLS H 2000 16.95 472
WFIRST HLS 2000 17.38 175

WISE AlIWISE W1 all sky 15.90 25
WISE AlIWISE all sky 13.17 44
WISE CatWISE all sky 15.90 34
WISE CatWISE all sky 13.17 60

LSST Single-visit 18000 — 20
LSST Single-visit 18000 — 27
LSST Coadded 18000 — 73
LSST Coadded 18000 98

CSS-0S Wide 17500 51
CSS-0S Wide 17500 90




A halo L3 subdwarf with prograde eccentric orbit

in the Galactic plane (Primeval-V)
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Primeval very low-mass stars and brown dwarfs
series on the MNRAS

l. Six new L subdwarfs, classification and atmospheric properties

Il. The most metal-poor substellar object ADS library
Scan me

lll. The halo transitional brown dwarfs

IV. New L subdwarfs, Gaia astrometry, population properties, and a blue brown dwarf binary
V. A halo L3 subdwarf with prograde eccentric orbit in the Galactic plane

VI. Population properties of metal-poor degenerate brown dwarfs

The Substellar Transition Zone: A Stretched Temperature Canyon in Brown Dwarf Population
due to Unsteady Hydrogen Fusion
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Immortal at the Magpie Bridge (tune) - Chile

Chile is far, the land is long, and full of treasures.
Copper/nitre/molybdenum/lithium/rhenium/gold/silver, excellent wine, and pisco sour.
Chile has high montains, fine climate, and the best starry night.
Astronomers are gathered here, for the telescopes, windows to the Universe.

Gracias!



