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What Are Ultracool Dwarfs?
HARELSRE?

Ultracool dwarfs are defined as stellar and substellar objects with

spectral types of M7 and later, covering three main types of object
BIREREREN NIEEREN M7&EHﬁ§=E|'] EEMITEEXA, RE=ZLXFEXIAK

Low mass stars Brown dwarfs Planetary mass objects
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Spectral Types
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Based on the OBAFGKM classification system, extended down to

LTY types for even cooler objects
ETOBAFGKMAEZRAR , HREHY BELTYERE , DIREREEMIIXGE

Hottest « > Coolest
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How Do We Know What The Object Is?
AW EIEX MR ZTA

Planetary Mass

Low Mass Stars Brown Dwarfs Objects
1&15\E'|\EE *HTEE 1 MS
TEEJF\E/\

* Form from collapsing gas e Same formation as stars * Form via disc accretion
and dust in nebulae R 518 248 [E ZHIRMZEEZE K
RERRIAMSIRE S| NIRRT * Below hydrogen fusion e Below deuterium burning

* Hydrogen fusion in core mass Iimit mass Iimit
BOFRHNERET RTFEZRTRETR RFAZRERE TR

M > 80M_, 80M,,, > M > 13M, M < 13Myy,




Candidate Selection
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Cross match Gaia DR2 with several catalogues of known ultracool dwarfs
RGaia DR2ZSZNMEMEBIRZEZRIFITLLXS

Full candidate list has 20000+ objects
SRR EF R E 2200008 PR &

67 targets selected for this work, depending on visibility on observing nights
ARIFREEEC 7NN BAR, EARBUR TN M6 5] D




Which Instruments Did We Use?
B 1= 7 RN EE?

Blanco ARCOoIRIS IRTF SpeX Prism IRTF SpeX SXD
e Cross-dispersed * Prism grating e Cross-dispersed
spectrograph on Blanco spectrograph on IRTF spectrograph on IRTF
telescope in Chile telescope in Hawaii telescope in Hawai
EFBlanco2ixE EREIRTFEZE LK EREIRTFEERE LK
R X & BURIE X BRI RX & FHFIEN
R ~ 3000 R~ 200 R ~ 2000

A=0.80-240pum A=0.70-252um A=0.70-252um




Data Reduction
HEIAE

Spectral Extraction
YeiE iR EY

Tracing profiles and
extracting 1D spectral data

from raw observations
HF R E &N Tracef iz
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Order/Exposure Merging
H%\ /iqz

Combining orders of gratlng

spectra and consolidating

exposures for each target
OB RIRE F R B BindiE
#A
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Wavelength Calibration
R ER

Using lamp arcs to ensure
consistent wavelength

calibrations across spectra
MAERIIEATHRRSEER
R ERHIEE

Telluric Correction
R 2 1% ]
Removing Earth's

atmospheric spectral features

using standard stars
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The Spectra
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M-type MZL¢iE
Notable spectral features include TiO and FeH
HASCERIEEEEZENTIOSFeHy 1
Sawtooth-shaped J-band

JiE BB TR AR

L-type L& %

Prominent alkali absorption (e.g. Nal, K1)
EENEEERKZE(Na |, K1)

Spectrum smoothed by dust
HASEKRBENXSHBFIEELE

T-type TZ¢iE

Spectrum dominated by methane absorption
REARESHNERR

Peaky spectral morphology

BEIBEFRRNEIE LR
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Peaky spectral morphology
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The Spectra
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Spectral Classification
it %

Photometric Spectral Types

T R

Using NIR colours to estimate spectral type from
published colour-spectral type relationships
ETEAXRNEG-ERERXR, FAOLHIEIERLEIER

Spectroscopic Spectral Types
Sy i 2id]

Using standard spectra to fit to observations to
determine spectral type
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Characterising Physical Properties
MR B ZRALE
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Using UVW to find Galactic population kinematic membership
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Characterising Physical Properties
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Forward Modelling
EIEEEL

Finding effective temperature using BT-Settl grids

A HBT-SettiZE R WM& AR B ROERE

Radlal Velocity Measurements

r_.l LJRI)JJIE

Usmg cross correlation and line centering to measure RVs
FMEAEEXMEZPOEMENERERE

Toomre Diagrams
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Using UVW to find Galactic population kinematic membership
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Characterising Physical Properties
MR T BRRALE
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Forward Modelling
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Finding effective temperature using BT-Settl grids
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Radlal Velocity Measurements

ﬂL;z/)JJIE
Usmg cross correlation and line centering to measure RVs
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Identitying Unusual Objects
REER RARHYILE D,

We used various methods to identify any unusual objects in the sample
FATRA T 24 ERN B EFRIRA A REFARRIN

_ Colour-Magnitude Diagrams
14 B
_ B-E=FE
16 - Used to identify any objects with unusual colours
[ S FREREE B 4RI IR
S .
€ 18 Common Proper Motion
O ! ® ® HEB1T
2 50 - Y Used to identn‘y co- movmg wide binaries
o) :
22 Gaia RUWE Parameter
s 6 7 GaiaZ#H T — R RAUNEIRE (RUWE) S

Used to identify unresolved binary candidates
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Adapted from Cheng+25




Summary Of Sample Properties
HEARENE R LR R
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M-Types L-Types T-Types
ME! X4k L BIRA TEEXMA
26 objects 24 objects 1 object
265 245 180

+ 16 objects classified earlier than M7
+1 6812 FM7EHI XK




Summary Of Sample Properties
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Young UCDs Thick Disc/Halo UCDs W.ide Binaries Unresolved Binaries
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[ objects 4 objects 6 objects 6 objects
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