
Roelof de Jong (AIP)

GHOSTSGHOSTS Probing the Outskirts
of Disk Galaxies

GHOSTS Survey team: 
PI: Roelof de Jong (AIP)

Jeremy Bailin (UM) 
Eric Bell (UM) 

Tom Brown (STScI) 
James Bullock (UC Irving) 

Stephane Courteau (Queens) 
Julianne Dalcanton (UW) 

Harry Ferguson (STScI) 
Paul Goudfrooij (STScI) 
Sherie Holfeltz (STScI)
Benne Holwerda (ESA) 

Antonela Monachesi (UM)
Chris Purcell (Pittsburgh) 

Anil Seth (CfA/Utah) 
Jonathan Sick (Rice)

David Streich (AIP)
David Radburn-Smith (UW)

Marija Vlajic (AIP) 
Dan Zucker (Macquarie/AAO)

Roelof de Jong (AIP)



Roelof de Jong (AIP)

GHOSTSGHOSTS



Roelof de Jong (AIP)

GHOSTS
• GHOSTS samples the resolved stellar populations in the outskirts 

of 16+ nearby disk galaxies with a large HST ACS/WFPC2/WFC3 
survey

• HST allows us to go to larger distances (more galaxies), denser 
regions (disk outskirts) and larger radii (less contamination)

• Science goals of GHOSTS:
• Structure, substructure and metallicities of stellar halos
• Stellar age/metallicity distributions in disk outskirts 

(scaleheigth/length, disk heating, truncations, warps)
• Globular cluster systems 

The Survey
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GHOSTS Resolved Stars - NGC 253

IMACS (Magellan)

– 34 –

Fig. 9.— Map of the density of TRGB stars in the halo of NGC 253. The map is oriented
with north up and east to the left. The x and y axes are labeled in kpc from the center
of the galaxy. Magenta indicates where the derived density is a lower limit on the true

density. The GHOSTS pointings are denoted with the black squares, the location of the
shelf is shown by dashed lines, and the vertical dotted line denotes the horizontal chip gap,

where the counts are artificially inflated. The dark ellipse at the top is the main body of
the galaxy, where individual sources can no longer be distinguished; an optical image of the

galaxy, to scale, has been overlayed for reference (image courtesy of T.A. Rector/University
of Alaska Anchorage, T. Abbott and NOAO/AURA/NSF). The map was generated using
1 kpc × 1 kpc pixels and then smoothed using the minimum curvature surface. Note that

the mapping between the color scale and density value has been chosen to enhance visibility,
so attention should be paid to the labels on the color bar, which give the logarithm of the

TRGB number density per square degree.

Bailin et al. (2011)
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GHOSTS Resolved Stars - NGC 253
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Fig. 9.— Map of the density of TRGB stars in the halo of NGC 253. The map is oriented
with north up and east to the left. The x and y axes are labeled in kpc from the center
of the galaxy. Magenta indicates where the derived density is a lower limit on the true

density. The GHOSTS pointings are denoted with the black squares, the location of the
shelf is shown by dashed lines, and the vertical dotted line denotes the horizontal chip gap,

where the counts are artificially inflated. The dark ellipse at the top is the main body of
the galaxy, where individual sources can no longer be distinguished; an optical image of the

galaxy, to scale, has been overlayed for reference (image courtesy of T.A. Rector/University
of Alaska Anchorage, T. Abbott and NOAO/AURA/NSF). The map was generated using
1 kpc × 1 kpc pixels and then smoothed using the minimum curvature surface. Note that

the mapping between the color scale and density value has been chosen to enhance visibility,
so attention should be paid to the labels on the color bar, which give the logarithm of the

TRGB number density per square degree.

Bailin et al. (2011)
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GHOSTS ACS Observations

Blank (high-z) field from archive

GHOSTS Stellar Halo Field
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GHOSTS ACS Observations

MW halo foreground
Radburn-Smith in prep.



Roelof de Jong (AIP)

GHOSTS Sample Overview
NGC 0247
NGC 0253

NGC 4945
NGC 3031
NGC 2403
NGC 0891

NGC 4244
NGC 4565
NGC 4631
NGC 4736
NGC 5023
IC 5052
NGC 5236
NGC 5907
NGC 7793
NGC 7814

NGC 49
45



Roelof de Jong (AIP)

GHOSTS
NGC 0247
NGC 0253

NGC 4945
NGC 3031
NGC 2403
NGC 0891

NGC 4244
NGC 4565
NGC 4631
NGC 4736
NGC 5023
IC 5052
NGC 5236
NGC 5907
NGC 7793
NGC 7814

Stellar Halo Profiles



Roelof de Jong (AIP)

GHOSTS
NGC 0247
NGC 0253

NGC 4945
NGC 3031
NGC 2403
NGC 0891

NGC 4244
NGC 4565
NGC 4631
NGC 4736
NGC 5023
IC 5052
NGC 5236
NGC 5907
NGC 7793
NGC 7814

Stellar Halo Profiles



Roelof de Jong (AIP)

GHOSTS
NGC 0247
NGC 0253

NGC 4945
NGC 3031
NGC 2403
NGC 0891

NGC 4244
NGC 4565
NGC 4631
NGC 4736
NGC 5023
IC 5052
NGC 5236
NGC 5907
NGC 7793
NGC 7814

Stellar Halo Profiles



Roelof de Jong (AIP)

GHOSTS
NGC 0247
NGC 0253

NGC 4945
NGC 3031
NGC 2403
NGC 0891

NGC 4244
NGC 4565
NGC 4631
NGC 4736
NGC 5023
IC 5052
NGC 5236
NGC 5907
NGC 7793
NGC 7814

Stellar Halo Profiles



Roelof de Jong (AIP)

GHOSTS
NGC 0247
NGC 0253

NGC 4945
NGC 3031
NGC 2403
NGC 0891

NGC 4244
NGC 4565
NGC 4631
NGC 4736
NGC 5023
IC 5052
NGC 5236
NGC 5907
NGC 7793
NGC 7814

Stellar Halo Profiles

major axis

minor axis



Roelof de Jong (AIP)

GHOSTS
NGC 0247
NGC 0253

NGC 4945
NGC 3031
NGC 2403
NGC 0891

NGC 4244
NGC 4565
NGC 4631
NGC 4736
NGC 5023
IC 5052
NGC 5236
NGC 5907
NGC 7793
NGC 7814

Stellar Halo Profiles

10 100

15

20

25

30

µ
4
.
5

[m
a
g
/
a
rc

se
c
2
]

10 100

r [arcsec]

−3

−2

−1

0

1

2

3

4

lo
g
(Σ

)
[s

ta
rs

/
a
rc

se
c
2
]

Spitzer 4.5 micron

RGB counts

exp. disk model

Sersic halo model

total model

0.3 1 3 10 30

r [kpc]

• Most galaxies fitted with single Sersic spheroid and 
exponential disk
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GHOSTS Stellar Minor Axis Profiles

• Larger galaxies have fractionally larger envelopes (Purcell et al 2009)
• Profiles correlate more with bulge-to-disk ratio than Vrot

• Inner halos are compact (Sersic n~5) and flat (c/a~0.3)

Vrot ~ 220 km/s

Vrot ~ 100 km/s
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GHOSTS Stellar Minor Axis Profiles

• Larger galaxies have fractionally larger envelopes (Purcell et al 2009)
• Profiles correlate more with bulge-to-disk ratio than Vrot

• Inner halos are compact (Sersic n~5) and flat (c/a~0.3)
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GHOSTS Stellar Halo Metallicities
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GHOSTS Stellar Halo Color Profiles

Monachesi et al., in prep.
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Vrot ~ 100-120 km/s

Vrot ~ 200-250 km/s
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GHOSTS MW Globular Clusters

D. Streich et al.: On the relation between metallicity and RGB color in HST/ACS data

Fig. 3. Color of the RGB at two di↵erent absolute magnitude (left and right panels) as function of metallicity. Colors were derived using the median
(method 1). The black/orange solid lines are the fit to the points with error bars. Grey lines are relations for isochrone sets: solid line – Padua,
dashed line – BaSTI, dashed-dotted line – Dartmouth. (The isochrones shown here use solar scaled abundances and are shown for comparison
only.)

Fig. 4. Color of the RGB as function of metallicity, based on the fitted RGBs (method 2). Black circles are for the color at MF814W = �3.5, orange
diamonds for MF814W = �3.0. Small points are for clusters without individual alpha measurements. The dashed lines are the best-fitting functions
as given in the upper left corner.

the color of the RGB. In the following section we will further
investigate these possibilities.

4.2. Analyzing residuals

To look for a possible second parameter that influences the color
of the RGB and produces the scatter in a simple color-metallicity

4

[Fe/H] ~ -1.0
[Fe/H] ~ -1.5-4.0

Streich et al., accepted
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[Fe/H] ~ -1.0
[Fe/H] ~ -1.5-4.0

• Most galaxies no significant color gradients between 20-80 kpc
• RGB halos of small galaxies bluer than most metal-poor MW globulars, 

probably younger population

Vrot ~ 200-250 km/s

Vrot ~ 100-120 km/s

Monachesi et al., in prep.
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GHOSTS Stellar Streams
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M83: A new dwarf companion?
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GHOSTS

N loop

S spur

W over-
density

M83: A new dwarf companion?

• M83 surrounded by large       
HI streams

• Possible origin:
• primordial accretion
• gas rich satellite
• tidal stripping



 

Roelof de Jong  | Evolution of Galaxies, Potsdam, September 19-24, 2010

M83: A new dwarf companion?N 
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GHOSTS
• Next generation spectroscopic survey facility 

selected for the VISTA telescope of ESO

• Specs:
•  2.5 degree diameter Field-of-View 
•  2400 fibres
•  Resolution R~5000 and R~20,000
•  Wavelength 390-930 nm

• Permanent survey mode for 5 years with 
many surveys in parallel starting in 2019

• Will observe >20 million objects in 5 years

• Ideal for complement Gaia mission for MW 
halo studies, eROSITA galaxy cluster dark 
halos, lensing imaging surveys, etc.

4MOST - 4m Multi-Object Spectroscopic Telescope

Low-Res Spectrographs

High-Res Spectrographs


fibre positioner
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GHOSTS
•  Obtaining spectra of >106 halo stars 
allows:

• Determining the Milky Way 3D potential 
from streams to ~100 kpc
• Measuring the effect of baryons: 

• has there been significant adiabatic 
contraction?
• is there a disk-like DM component?
• does the DM respond to the bar?

• Determine the mass spectrum of Dark 
Matter halo substructure by the kinematic 
effects on cold streams of 103–105 M☉

4MOST MW halo survey

Cooper+ (2010)!

Yoon+ (2011)!
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Summary



Roelof de Jong (AIP)

GHOSTS

 

• Stellar halos are very compact (Sersic index 4-6)

• Substructure in stellar halos is diverse 
- streams, young & old dwarfs

Summary

http://archive.stsci.edu/prepds/ghosts

• Inner halos (<25 kpc) are very flattened (c/a ~ 0.3–0.4)

• RGB stars show no significant color gradient (i.e. metallicity 
gradient) between 20 and 80 kpc

• RGB halo stars of small galaxies are bluer than the most metal-
poor MW globular clusters (hence younger)

http://archive.stsci.edu/prepds/ghosts
http://archive.stsci.edu/prepds/ghosts

