ntitying M dwarfs
with Ultra Cool Companions in
2MASS and WISE

-

Neil Cook
David Pinfield, Ben Burningham, Hugh Jones,
Avril Day-Jones

‘Background image adapted from WISE “PIA14881: Jabbah and Associates” .NASA/JPL-CaItech/UCLAT
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_Ultra cool dwarfs (D f

Ultra cool objects: brown dwarfs and giant planets
Sub-stellar mass objects

Upper limit: ~0.07 — 0.09M (~8O M]) — H-burning
limit (depending on metallicity)

Brown dwarf/Planet split?: ~0.012M (~13 M]) — D-
burning limit

Temperatures: ~300 K — 2000 K

Spectral types: L, T, Y

Form like stars? Or like planets? Or both?

Continuum: Cool brown dwarfs = warm giant exoplanets
Complicated — Thick atmospheres, weather, clouds etc.




[ ° Need benchmark binary systems 4,

\\  With a companion can work out:

« Dynamical masses (Close companions - radial velocity)

e Radii (via possible transit)

 Age (via primary — but challenging)

* Metallicity (via primary — spectra fitting/M dwarf fitting)

e Effective temperature, surface gravity etc...

[l * Constrain evolutionary and formation models

B - Test theory - giant planets thought to be uncommon
as M dwarf companions
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Kirkpatrick+ 2011

Spectral type
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WISE + 2MASS

~-

WISE: Wide-field Infrared Survey
Explorer

All sky full data release March 2012
Space-based telescope

Mid Infrared

W1, W2, W3, W4 (3.4,4.6, 12, 22 um)

W1, W2 designed for brown dwarfs,
very red W1 - W2

563,921,584 sources

2MASS: Two Micron All Sky Survey
All sky full data release March 2003
Ground-based telescope

Near Infrared

J,H, K(1.25, 1.65, 2.16 um)
470,992,970 sources
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Cut V — > 4 Sources=81
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Data sources = 278,479 Data Sources=278479
* Final selection |

Cut Hv > 2.2(V - J)+2.0 Sources = 272,683 Cut

All cuts
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Fit Lepine et. al. 2
Fit NJC 3rd order polynomial

| L —

N | ¢ Mdwarfs
simulated by

5 p— |
¢ M dwarfs Dupuy et. al. 2012 : using
¢ M dwarfs Lepine et. al 2013

4 ¢ M dwarfs Gliese et. al 1991

Absolute ] magnitude

M Spectral subtype
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Simulated binary targets
Simulated single targets

] Similar colour selection boxes

University of
Hertfordshire

>

Simulated binary
Simulated single targets
1 Similar colour selection boxes

0.60 0.65 0.70
J-H




g,

Simulated binary targets . Simulated binary targets
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ighl cotainatd aidates

Large fraction of candidates will be contaminants

In the process of improving photometric spectral
typing
Improved selection methods

Low resolution spectroscopic follow-up
Take colour similar known M dwarfs (control)
Observe spectra of our candidate and control star

Subtract them — Produce ‘residual UCD spectra’ (noisy
UCD spectra)

Compare UCD spectral features to identify companions
(spectral difference)




MA4+(=L6) - M4
M4+14 - M4
M4+L5 - M4
M4+L2 - M4
M4+L3 - M4
M4+L1 - M4
M4 = No UCD
Colour variant Mdwarf VO ||

Colour variant Mdwarf V1

Colour variant Mdwarf V2
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Spectral Libraries

-~
Ll
]
. -
25
i
<
p—{
e
=
—
—
75!
—
[eb]
pa )
St
(4]
:)(:
—
o |
=
=
O

Residual M dwarf + U

www.BrownDwarfs.org g

Il |
1.6 1.8
Wavelength pum

University of
Hertfordshire




R A . e S
roence results &
FSREA "
% - e e "

-

-

T I I
e  NolUCD s L3
s L7 « L2
= L = L1
s L5 —— UCD Detection limit
. 14

] - Nf[L.01. 1.05]
N £[1.56, 1.6

L

-

1
I~

(e} (L]
— —
2= o0
o™ =t
— —
= i
= =
. -
2 =
[a¥] e
[ ] [
= =
53] @
2 g
= =
= =
= =
—_ —_
v} o]
= [
4 —
] [
@ <P}
j=N o
o 9]

L5 L4 L3 L2 L1 Mi L7 L6 +L5 L4 L3 L2
Simulation type Simulation type

University of o
Hertfordshire




University of
Hertfordshire

Improve photometric spectral typing using multi-band
photometry — reduce contamination (LAMOST and others)

Follow up these candidates and their respective control stars
with low resolution spectra

Significant detections: further spectra, radial velocities, light
curves — confirmation of companion

M dwarf catalogue:
Tycho 2 wide binaries — Metallicities
Mid/Late M dwarf Exoplanet search
Gaia extension - proof of concept
Kepler K2 M dwarf Exoplanet light curves

Analysis of confirmed candidate
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Combined WISE + 2MASS using cuts in colour,
reduced proper motion and quality

Produced un-reddened, high quality catalogue of
78,454 M dwarfs

Found excess by comparing “similar” coloursspace
sources and using simulations

Need follow up to reduce contamination and confirm
companionship

Many other uses for our M dwarf catalogue
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Lepme+2010 Lépine, S., Gaidos, E.,-2011, AJ 142, 138 - 3 .

Pinfield , D. J., Gomes, J., Day-Jones., A., 2013, A WISE search for very late objtects detected only in the W2- Band in European Physical Journal Web of Conferences, Vol. 47 p. 6004
Burgasser , A., 2011, in Astronomical Socnety ofithe Pacific Congerence Series, Vol. 450, Beaulieu J. P., Dieters S., Tinetti G., eds, p. 113

Background image Neil J. Cook adapted from WISE “PIA14881: Jabbah and Associates” NASA/JPL- CaItech/UCLA Inset sky maps composite from Atlas Image mosaic obtained as part. ofthe -
Two Micron All Sky Survey (2MASS), a joint project of the University of Massachusetts and the Infrared Processing and Analysis Center/California Institute of Technology, fundedsby the

National Aeronautics and Space Administration and the National Science Foundation and WISE mosaic from the Wide-field Infrared Survey Explorer, which is a joint project of the ;j‘l
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Data Sources=278479

Cut V — J > 4 Sources=&158
All cuts

University of
Hertfordshire




05
ine+2011

Lep

|
=~
-

0.

s <~

K

H —

<

0.]

ut

C

University of

£
L
)
e
-
£
Q
o =



0.057

Data Sources=278479

Cut E < 0.03 Sources=278360
Cut E < 0.02 Sources=278063
Cut E < 0.01 Sources=240752

Al cuts

0.00%,
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Data Sources=278479

Cut /Aoy® + Ay 1*< 0.04 Sources=5
All cuts
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Data Sources=278479

Cut logyg(w2sigpl — w2sigmpro)< 1.3 — 1.38logy(w2snr)
Sources=1683

All cuts
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Ahmic et. al. 2007

Basri & Reiners 2006
Dupuy et. al. 2013
Guenther & Wuchterl 2003
Joergens et. al. 2008

Kurosawa et. al. 2006
Maxted et. al. 2008
Neuhauser et. al. 2002
Prato et. al. 2007
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