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Talk Outline

•Stripe 82 catalogue

•Disc Heating

•Probing Halo Kinematics

•Constraining Halo Profile

•Accretion Remnants
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Stripe-82 Bramich et al. (2007)
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Stripe-82

• ~250 square degrees in SDSS 

equatorial stripe

• up to ~80 epochs over 8 years

Bramich et al. (2007)
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Stripe-82

• ~250 square degrees in SDSS 

equatorial stripe

• up to ~80 epochs over 8 years

• ~1 million stars with 

photometric and astrometric 

information

• We have ~7x105 objects with 

!" < 5 mas/yr

• Ultra-cool white-dwarfs 

analysed by Vidrih et al. (2006)

Bramich et al. (2007)
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Disk Heating!
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Whiteoak & Smith (in prep)Stellar Kinematics: The Disk

• Cross-match with SEGUE 

spectra to get ~12,000 disk & 

halo dwarfs out to 5 kpc

• Photometric parallax gives 

distances to ~10% and 

velocities to ~25 km/s

• Correct for halo contamination

• Use this sample to investigate 

disk heating and obtain trends 

with [Fe/H] & height from the 

plane

• Interpretation underway -0.5 < [Fe/H] < 0.2

-0.8 < [Fe/H] < -0.5

-1.5 < [Fe/H] < -0.8
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Halo Kinematics
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Stellar Kinematics: The Halo Smith, Evans, et al. (in prep)
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Stellar Kinematics: The Halo

• ~2000 halo stars out to 5 kpc

• Small dispersions:                  

(#r, #$, #%) = (142, 81, 77) km/s

• No net rotation (or rotation 

gradient)

Smith, Evans, et al. (in prep)
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Stellar Kinematics: Tilt in Halo Ellipsoid
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Stellar Kinematics: Tilt in Halo Ellipsoid
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Accretion Remnants
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Stellar Kinematics: Overdensities in the Halo

Smith et al. (in prep)
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Stellar Kinematics: Overdensities in the Halo

Smith et al. (in prep)

• Use angular momentum to hunt 

for accretion remnants
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Stellar Kinematics: Overdensities in the Halo

Smith et al. (in prep)

• Use angular momentum to hunt 

for accretion remnants

• Smooth & correct for bias

• Clear overdensities, such as 

Helmi et al. (1999) stream

• Associated to Globular Clusters?

Dinescu et al. (1999)

NGC5466
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Conclusions
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Conclusions

• Shown the potential to understand formation of Milky Way using large 

spectroscopic surveys

• Utilise large numbers of SEGUE spectra to investigate kinematics of disc and 

halo populations

• Probe disc kinematics out beyond RAVE, producing complimentary 

analysis

• Probe halo to find and classify accretion remnants

• Future prospects from short-baseline high-cadence proper motion work, e.g. 

Skymapper, Pan-Starrs, etc
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Additional Slides
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Cluster of four clusters

The tidal tails of NGC 5466 755

Figure 8. Simulations with different proper motions. The rows show from the top to bottom panel: the projection of the tidal tails in α and δ, the distance
distribution of the tails versus α and finally the surface density of the tails versus α. The columns show first the simulation with the smallest magnitude in
proper motion, our best-fitting model and finally the model with the highest magnitude of proper motion.

Table 1. Results of the suite of simulations investigating the relation between orbit and density of the tidal tails. The columns give the following numbers: the
absolute value of the proper motion, the proper motion in α and δ, the peri- and apo-galacticon distances, the mean density of the tails, the maximum density
in the tails, the extent of the tails, and the final mass of the cluster in units of the initial mass.

|µ| µα cos δ µδ Rperi Rapo #mean #max Extent Final cluster mass
(mas yr−1) (mas yr−1) (mas yr−1) (kpc) (kpc) (M" deg−2) (M" deg−2) (◦)

4.40 −4.40 0.00 4.9 42.9 30.6 81.5 249 0.74
4.61 −4.60 0.30 5.7 50.8 26.7 60.5 244 0.79
4.72 −4.70 0.42 5.9 57.5 25.5 56.3 244 0.80
4.84 −4.80 0.60 6.4 61.5 23.4 72.6 239 0.83
5.06 −5.00 0.80 7.0 73.0 21.5 54.0 239 0.87
5.30 −5.20 1.00 7.4 88.1 19.1 47.0 230 0.89
5.60 −5.45 1.30 8.0 116.9 14.9 31.6 224 0.92

mass, we do not mean the embedded mass of the star cluster at its
formation inside a gas cloud. If the star formation efficiency is low,
a star cluster can lose about ∼70 per cent of its initial mass in stars
when the gas gets blown out by high-velocity winds or supernova
explosions. The rapid stellar evolution of high-mass stars then adds
another extreme mass loss of ∼20 per cent in the first few tens of
Myr. After this initial phase of rapid evolution, the cluster reaches a
quasi-equilibrium. This is the starting point of our simulations and
therefore our initial mass refers to this point in time.

Our numerical simulations reproduce the observational results of
both groups who have recently studied the tidal tails NGC 5466
with SDSS data. Mapping out the tails close to the globular
cluster, Belokurov et al. (2006a) found that the leading tail emerges
from the side pointing towards the Galactic Centre and returns to
the orbital path from outside, while the trailing tail emerges from
the side opposite to the Galactic Centre and returns to the orbital

path from within. With our simulations, we showed that the proper
motion of the globular cluster has to be smaller in declination and/or
larger in right ascension than reported by Dinescu et al. (1999) to
account for the position of the tidal tails. We propose a new set
of proper motions, µα cos δ = −4.7 mas yr−1µδ = 0.42 mas yr−1

for which the tail morphology is correctly reproduced. This dif-
fers from the observationally determined one by −0.05 and −0.38
mas yr−1, respectively. These changes are within the error margins
of the observed proper motion (±0.82 mas yr−1).

The surface density of the tidal tails falls off along the in-
nermost tails very steeply and stays at a very low density of
20−50 M" deg−2 throughout the tails. These low densities are very
hard to detect, even in surveys like SDSS. Grillmair & Johnson
(2006) found long, almost linear and very tenuous tidal extensions to
NGC 5466 using a matched filter approach. Their work is supported
by the simulations in this paper, which show that the very long

C© 2007 The Authors. Journal compilation C© 2007 RAS, MNRAS 380, 749–756

Orbit of 

NGC5466
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