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• Scientific Objectives
- Contributions to Euclid mission
- Characterization of known UCDs
- Identification of new UCDs
- Statistical studies of IMF tail  
- Binaries
- Subdwarfs



Very low-mass stars; Brown Dwarfs;Ultra-cool Dwarfs; Isolated
Planetary-Mass Objects; Free floating Planets; Gaseous Giant Planets

v Very low-mass (VLM) star= Stars with mass between 0.2 M⊙
and the Hydrogen burning mass limit, below 0.072 M⊙ ~ 75 Mjup

(Kumar 1963, Hayashi & Nakano 1963, Burrows et al. 1997, Chabrier & Baraffe
2000).

v Brown Dwarf (BD)= Objects unable to fuse hydrogen stably in
its interior. Mass below 0.072 M⊙ ~ 75 Mjup. No lithium
depletion below 0.06M⊙ (Magazzu et al. 1993, Rebolo et al. 1996).

v Ultra-cool Dwarf (UDC) = Objects with dust condensates in
atmosphere, SpT > M6, Teff < 2500 K (Tsuji et al. 1996).

v Isolated Planetary-Mass Object (IPMO)= Isolated objects
unable to burn deuterium.Mass below 0.012 M⊙~ 13 Mjup

(Lucas & Roche 2000; Zapatero Osorio et al. 2000)

v Free Floating Planet (FFP) = Possibly ejected giant planets.

v Gaseous Giant Planets (GGP) = Jupiter-like planets.

(Boss et al. 2003)



Ultracool Dwarf types

L-type: Weaker TiO and VO bands. Strong metal hydride bands (FeH, CrH,
MgH, CaH) and alkali metal lines (Na I , K I , Cs I, Rb I). H2O in
infrared. Dust grain condensation (Martin et al. 1997, 1999, 2001)

T-type: Appearance of CH4. Alkalis and hydrures dissapear. Dust deposit
below photosphere (Burgasser et al. 2000)

M-type: TiO and VO absorption in the optical and H2O and CO in the
infrared (Delfosse et al. 1999;

Kirkpatrick et al. 1991, 1999)

Y-type: Narrower flux in J- and H- band and possible bluer Y- J and redder
J-K color, NH3 in infrared (Cushing et al. 2011).



Clusters as benchmarks

Martin et al. 2000





A Pleiades-like cluster at high galactic latitude (b=-79 deg.)  



UCD binaries as 
benchmarks

Billeres et al. 2005



NIR Imaging survey of 250 UCDs indicates 0.34% wide binaries (>100 AU). 
Delfosse, Martin et al. (2016, in prep.)    



Bouy et al. 2003, 2008:  Resolved UCD binary fraction 8%



Euclid photometric sensitivity to UCDs
(assuming 5 sigma J=23.1 Vega system)

SpT MJ N (per FOV) D (kpc)

M5—M9 9--12 20--110 2--7

L 12--15 4--80 0.5--2

T 15--20 2--30 0.3—0.5

Y ? >20 

Caballero
Burgasser
Klement
2014 



WFC3	Infrared	
Spectroscopic	Parallel
(WISP)	Survey

Source:	WISP	Survey	website	

C. Aganze et al. in 
prep. 



G102																												VS															G1	41	Grisms

Source	:	STSCI	Website	



Method:	Spectral	Indices
Plot:	L	and	T	Spectral	Standards	from	Kirkpatrick	et	al.	

2010
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Method:	Spectral	indices



SPL Science: Deep Field Populations

SPL Templates are being used to identify and classify 
distant brown dwarfs (up to 3-4 kpc) in the WISPs and 
HST-3D WFC3 parallel fields (Masters et al. 2012; 
Aganze et al. in prep.)

M7.5

L3

T7.5

Predicted number of dwarfs per WFC3 
pointing based on the population 

simulations of Burgasser (2004,2007)

Spectral types and distance estimates 
of MLT dwarfs found in WISPs survey



Number	Density	Per	Pointing	(WFC3	vs NISP)

Predicted Found

NISP/WFC3 FOV ratio = 430 è 100 late M dwarfs + 60 L dwarfs + 26 T dwarfs per Euclid pointing 



Relative photometric precision 
18 M5 – L1 dwarfs 
Kepler monitoring

11 < 3%
7 > 3% 

Martin et al. 2013
Gizis et al. 2015



Between 15 and 130 UCDs 
photometrically stable (<3%) per NISP 

FOV



Simulations of Euclid NISP slitless spectra of distant T dwarfs



KI 1.253 
microns

Allers & Liu 2013 Res. 100





The SpeX Prism Library (SPL)
http://www.browndwarfs.org/spexprism

Roughly 1500 low-resolution (λ/Δλ ≈ 150), 
0.7-2.45 µm spectra of late-M, L and T 
dwarfs, as well as cool giants, subdwarfs, 
young brown dwarfs, and planets

Used in over 150 studies for source 
identification classification, binary detection, 
spectrophotometry, population modeling, etc.

Above: SPL spectra for L3 dwarfs with 
differing characteristics; Right: 
distribution of sources in the library



Example M8 vs M9.5 dwarfs
Estimated RV precision (1.25—1.75 microns) 100 km/s

Redshift accuracy 0.00033 < 0.001 



Estimated RV precision (1.24—1.5 microns) 33 km/s
Possible improvement in wavelength calibration by 
a factor 3 by shifting red grating slightly blueward

or using blue grating 



Lodieu et al. 2016

SDSS vs UKIDSS 
New subdwarfs





Subdwarf surface densities

SDSS DR9 vs UKIDSS DR10
r=19.6-23.3 J=15.9-18.8 M5-L0.5

0.04 subdwarfs per sq.deg.

Euclid NISP wide survey imaging 
subdwarf density estimated at about 1.2 

objects per FOV



Potential Uses of UCDs as calibrators for Euclid 

Astrometric calibration from known binaries and clusters

Photometric calibration from known photometrically stable UCDs

Wavelength calibration from UCDs with well understood spectra

Assessment of foreground field contamination for distant clusters

Characterization of in-flight filter transmission profiles (transmission edges)


