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The Large Binocular Telescope

✴ Mt Graham Int. Obs., Arizona

✴ 2 x 8.4m mirrors on common 
mount ➙ 11.8 m aperture

✴ First light:
★ Mirror 1 in October 2005

★ Mirror 2 in September 2006 
✴ Currently ‘blue’ side fitted with 

Large Binocular Camera

Hill et al. (2006)



The Large Binocular Camera Blue
✴ Wide-Field Imager

★ Four 2048 x 4608 chips

★ 0.23”/px ➙ 23’ x 23’ FoV

✴ 2 LBC to target blue and red 
simultaneously

✴ 5 min. exposure ➙ V~25.5

✴ First instrument on LBT

Giallongo et al. (2006)



✴ Belokurov et al. 06:
★ MV = -6.0

★ D = 140 kpc

✴ Simon & Geha 07:
★ vr, gsr = 145 km/s

★ σ = 5.1 km/s

★ [Fe/H] = -2.3

✴ LBC:
★ 30’ B, 20’ V, 20’ r

★ 50% comp. at V~25.5

★ seeing 0.8 – 1.1”

Hercules Coleman et al. (2007)

[Fe/H] = -2.3
13 Gyr

SDSS



4 Coleman et al.

Fig. 1.— Colour-magnitude diagrams for the central region of
Hercules (left panel) and a field region of equivalent area on the sky
(right panel). The photometry has been corrected for extinction
and all sources outside the sharpness limit have been removed. Our
principal colour, c1, has been designed to enhance the Hercules-to-
field contrast in the colour-magnitude plane. The red dashed line is
the isochrone of a metal-poor stellar population at 13 Gyr (Girardi
et al. 2002, 2004). The blue errorbars in the left panel represent the
uncertainty in the colour c1 returned by the artificial star tests, and
the dashed lines trace the V magnitude at which the photometric
completeness has fallen to 50%. The red contour line traces the
CMD-selection region for the Hercules main sequence population.
Note the increased background galaxy contamination in the right
panel at magnitudes fainter than V = 24.

Fig. 2.— Upper panel: Spatial distribution of the Hercules CMD-
selected objects, where the dashed line marks the limit of our LBT
data. The blue shaded region represents the saturated star aligned
towards the centre of the dSph. The solid red ellipse marks the core
radius from our best-fitting King model (see Fig. 3) and the dashed
ellipse outlines the inner border of the field region. Both the core
and field populations were used to derive the CMD-selection limit
shown in Fig. 1. These ellipses have an ellipticity of 0.65 and semi-
major axis radii of 4.42′ and 11′ respectively. Lower panel: Contour
diagram of the CMD-selected sources. Each star has been convolved
with a Gaussian of width 0.6′ arcmin. The contours correspond to
stellar densities of 1.5σ, 3σ, . . . , 10.5σ above the background, where
σ is the uncertainty in the background stellar density from Poisson
statistics.

Fig. 3.— Radial profile of Hercules, determined from the CMD-
selected dataset. The stellar density was evaluated within ellipses at
every 1′ major axis radius using an ellipticity of 0.65 and a position
angle of −73◦. The dashed line represents the best-fitting King pro-
file, and the parameters with their associated bootstrap uncertain-
ties are listed. The background level of 15.43 ± 0.28 stars/arcmin2

(Poisson statistical uncertainty) has been subtracted from all data-
points. Inset panel: Ellipticity as a function of radius. Uncertainties
were determined using bootstrap resampling. The central coordi-
nates of this system demonstrate a mild dependence on radius, with
a variation of ∼0.3′ in RA and ∼0.2′ in Dec over the radial range.
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Hercules

✴ CMD fitting:
★ 132 ± 12 kpc

★ [Fe/H] = -2.1 ± 0.2

★ 13 ± 3 Gyr

★ rh = 168 ± 11 pc

Coleman et al. (2007)

✴ Very flat, axis ratio ~ 3:1 1.5σ, 3σ,4.5σ…



Canes Venatici I (SDSS)

MV = -7.9
D ~ 220 kpc
rhb = 550 pc
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Zucker et al. (2006)
MV = -7.9

D = 220 kpc



CVnI – the LBT view Martin et al. (2007a)

within rhb



~10% light
≲5% mass

3σ, 5σ, 7σ… 3σ, 4σ, 5σ…

3σ, 4σ, 5σ…



Canes Venatici I (Spectro) Ibata et al. (2006)
Martin et al. (2007a,b)

•Young ~2 Gyr pop
•Metal-rich(er)                     
[Fe/H]~-1.5
•Spatially confined
•Cold (σ<2 km/s)

•Old >10 Gyr pop
•Metal-poor(er)                     
[Fe/H]~-2.0
•Extended
•Hot (σ~10 km/s)



Leo T
de Jong et al. (2007b)

✴ Light:
★ 65% old pop.

★ 35% young pop.

✴ Young pop less 
extended

★ young rhb = 104 ± 8 pc

★ old rhb = 148 ±16 pc5 Gyr 10 Gyr 15 Gyr



✴ How can Hercules be so flat?
★ Disk-like?

• but σ = 5.1 km/s

★ Tidal distortion?
• seen in some dwarf galaxies (UMi, Sgr…) and tentative (2 σ ) detection of clumps in SDSS

• but σ = 5.1 km/s ➙ Rperi ~ 8 kpc ➙ very elliptical orbit (especially with vr,gsr = 145 kms/s)

★ Triaxial halo?

✴ CVnI & Leo T look pretty much like brighter galaxies (young 
to intermediate stars)
★ Is there a minimum mass to retain gas?

• Leo T: 0.8 x 107 M⊙, CVnI: 2.7 x 107 M⊙ (Simon & Geha mass estimates)

★ Cold pop in CVnI?
• star cluster formed 2Gyr ago? survival time?

• is there still gas in CVnI?  ➙ < 3 x 104 M⊙

Questions


