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THE NATURE OF A RING-LIKE STRUCTURE

AROUND THE MILKY WAY 

Introduction


On January 6, 2003 at a meeting of the American Astronomical Society, two teams of astronomers announced the discovery of a vast ring of stars surrounding the Milky Way galaxy.  One of the teams, headed by Brian Yanny (Fermi National Accelerator Laboratory) and Heidi Jo Newberg (Rensselaer Polytechnic Institute), using data from the Sloan Digital Sky Survey, found unusual properties for a number of stars in the Galactic disk near Monoceros.  Given that the stars moved in similar directions at similar speeds, they concluded they were looking at a ring and not a cloud (Yanny et al. 2003).  The second team, headed by Annette Ferguson (University of Groningen) and Rodrigo Ibata (Strasbourg Observatory), used data from the Isaac Newton Telescope to not only confirm the Monoceros group but also to locate a similar group of stars in Andromeda, suggesting that the ring could encircle the entire Milky Way (Ibata et al. 2003).  


Since then various aspects of this ring-like structure have been examined to determine its origin and exact nature.  Most recently, research efforts headed by University of Virginia astronomers Jeffrey Crane and Helio Rocha-Pinto using the Two Micron All-Sky Survey have questioned the existence of a ring structure, saying it is more suggestive of a satellite galaxy undergoing tidal disruption (Crane et al. 2003; Rocha-Pinto et al. 2003).


In this paper, the data suggesting a ring-like structure in the outer galactic disk will be examined, as will the arguments suggesting a ring interpretation is not supported.

Background: Galactic Features and Anomalies


Standard features of the Galaxy are usually divided into the thin disk, the thick disk, a central bulge and the Galactic halo (Sparke & Gallagher 2000).  It has been difficult to study outer regions of the Galactic disk, especially those in the plane of the Galaxy, because of intervening gas and dust and light from other stars. Over the last twenty years, however, several variations and anomalies in this Milky Way structure have been reported.  


Larson & Humphreys (1996), for example, reported asymmetry in the number of stars in certain areas on the outer edge of the Galaxy’s thick disk, possibly due to interaction with the Sagittarius dwarf galaxy or the Milky Way’s own spiral bar.  Gilmore, Wyse & Norris (2002) located a group of stars rotating more slowly than other thick disk stars, and offered the explanation that these stars originated from a satellite galaxy that merged with the Milky Way.  Gilmore & Wyse (1985) and Norris, Bessell & Pickles (1985) found stars with orbits resembling those of disk stars but metallicities resembling halo stars, which they interpreted as a metal-weak tail extending from the thick disk population.  Finally, Newberg, Yanny et al. (2002) identified a substructure of blue stars in the direction of the Galactic anti-center, at low latitude, but did not have sufficient evidence to claim a ring structure was involved.  Instead, they surmised it was either part of a tidal stream from a dwarf galaxy that was tidally disrupted, or part of a metal-weak population in the Galaxy’s thick disk.

Yanny & Newberg: Findings from the Sloan Digital Sky Survey

Over a four-year period, Brian Yanny and Heidi Jo Newberg examined spectroscopic data obtained from the Sloan Digital Sky Survey from the 2.5-meter telescope at Apache Point Observatory in New Mexico.  The radial velocities of several hundred faint blue stars in the substructure identified in an earlier study (Newberg, Yanny et al. 2002) were measured.  Stars in each of three directions were found to be part of the same low-altitude stream.  An overabundance of F-stars was observed close to the Galactic plane in Monoceros.  Using turnoff magnitudes (Mg = 4.2 ± 0.3), these stars were estimated to be 18 kpc from the Galactic center (11 kpc from the Sun), between 24( and 30( Galactic latitude, and 5 kpc above the Galactic plane.  A similar overdensity was observed 5 kpc below the Galactic plane near the anti-center.  Estimated thickness of the structure was placed at 4 kpc or less.  A remarkably narrow velocity dispersion was estimated at less than 30 km/s.  The authors concluded that these data are inconsistent with a galactic halo stellar population and that the stars are part of a diffuse, wide ring that encircles the Milky Way and could have been formed as much as 10 billion years ago. 


The authors cite several factors to support a ring structure.  First, a ring structure would not result if the distances have been overestimated.  If, for example, the absolute magnitude were +8, the stars would be close enough to be part of a Milky Way spiral arm.  This is not likely to be the case, since there are no known F-star populations with absolute magnitude Mg >> 5, and intervening dust would redden the stars more than is being observed.  The turnoff is bluer than would be expected for stars in the thick disk.


The ring structure was found to extend at least 50( (from l = 180( to l = 227() near the Galactic anti-center.  Metallicity averages [Fe/H] = -1.6 ± 0.3, indicating the structure is younger and lower in metallicity than the thick disk.  The observed turnoff colors and metallicity are similar to halo stars, which implies they are the same age.


The inferred scale height, metallicity, and Galactic rotation speed of the population agree with a proposed weak-metal thick disk (Beers et al. 2002).  The small velocity dispersion, however, points toward a ring structure, since it is smaller than would be expected for a large scale-height exponential disk.  And several characteristics of this ring structure, notably the radial narrowness, small velocity dispersion, extent in the Z direction, turnoff color, and metallicity, resemble shells observed around elliptical galaxies.


The authors constrain the mass of the ring structure from 2 x 107  MO to 

5 x 108 MO and estimate the number of stars between 3.6 x 105 and 9 x 106.  The circular velocity of the structure is 110 ± 25 km/s, and the scale height for the stars is constrained at hZ < 3 kpc.  Additional substructure could be present because of the asymmetry between distances to the north and south portions: the stars above the Galactic equator are about 2 kpc closer to the Galactic center than those below the equator.  As seen from a distance, the ring would have a “ghostly” appearance because of the low surface brightness and widely dispersed stars.


The following items are cited as evidence that these stars are not part of the Sagittarius dwarf stream:

· there are no thin disk stars at this location;

· the number of thick disk stars at this location is two orders of magnitude smaller than halo stars;

· a metallicity of [Fe/H] = -1.6 is more consistent with halo stars or a metal-weak thick disk, and is inconsistent with the metal-poor blue stars of the Sagittarius stream;
· the turnoff is consistent with that of halo stars;
· the Sagittarius dwarf tidal stream follows a nearly polar orbit, which is inconsistent with the orientation of the ring structure;
· and the velocity dispersion is smaller than expected if the stars were purely halo or purely thick disk populations.  The presence of a large number of stars 2 to 5 kpc above the Galactic plane, with a narrow velocity distribution, does not fit any known exponential disk distribution.  Even a flare would not account for this number of stars simultaneously both above and below the Galactic plane.

The authors speculate that the ring is the result of a small galaxy that collided and merged with the Milky Way long ago.  The observed rotational velocity of 110 km/s is similar to what Gilmore, Wyse & Norris (2002) calculated for the remnant of a Galactic merger that may have increased the size of the thick disk.  Stars from this merging galaxy are located 3-4 kpc from the Sun (compared to 9 kpc for the ring stars), so if these two groups of stars had a common origin it would imply that the stars were dispersed through a large part of the Galactic disk. 

Ibata & Ferguson: Findings from the Isaac Newton Telescope

Ibata et al, (2003) performed a sky survey some 100( from the Monoceros field using the 2.5-meter Isaac Newton Telescope in the Canary Islands.  The aim was to study the Andromeda galaxy, but they found a pattern of stars similar to that found by Yanny & Newberg, and located at the same distance. 

Several distant fields that skirt the plane of the Milky Way were analyzed.  The density count of sources was found to be inconsistent with the flat distribution found in the spherically distributed halo.  But the authors also argue that the structure cannot be part of the thin disk because it is several orders of magnitude below the expected thin disk sequence.  Nor is it directly connected to the halo, given the steep decline in density away from the Galactic plane.  The thick disk is ruled out because it has a spread of V-band magnitudes much wider than what is observed for this structure. 


Ibata et al. (2003) offer four possibilities for these findings.  One is that we are observing a gigantic ring that encircles the Milky Way.  Dimensions of the ring structure are a radius of 15 to 20 kpc, spanning over 100(, and a vertical scale height of 

0.75 ± 0.04 kpc.  The mass of the ring is estimated as 2 x 108 MO to 109 MO (assuming the ring encircles the Milky Way).  Such a ring structure might have been formed through repeated warpings of the outer disk, similar to warpings seen in the outer disk of M31 (Ferguson et al. 2002).  The proximity of the Sagittarius dwarf galaxy and Magellanic Clouds might have warped the ring into a non-circular shape, as evidenced by variations in distance to the Galactic center.  The ring would not have been detected previously because of its low surface density and the lack of survey data for large areas of the sky.  One problem with this possibility is that the structure appears to consist only of old stars, but most examples of galaxies with bright rings consist of young stars.


A second possibility suggested by Ibata et al. (2003) is that we are observing a disrupted tidal stream of an accreted satellite galaxy.  But a satellite galaxy in the halo should have a highly eccentric orbit, and even though an orbit might decay it is still hard to account for near circular orbit required by this possibility.


A third possibility is that these stars are part of a spiral arm, but the observed thickness of the structure may be inconsistent with this hypothesis.  


Finally, the observed structure could be a resonance induced by an asymmetric Galactic component, such as the Galactic bar.  But this scenario is unlikely because these resonances occur close to the plane of the disk and usually do not include stars moving vertically (which are observed here).

New Doubts Cast on the Ring Theory

A pair of papers published in September 2003 cast doubt on the theory that this structure is a ring. Crane et al. (2003) and Rocha-Pinto et al. (2003) both analyzed data from the Two Micron All-Sky Survey (2MASS).


Rocha-Pinto et al. (2003) used 2MASS to study M giant stars in the ring-like structure in Monoceros.  A large group of these stars is located about 18 kpc from the Galactic center, over a latitude of 100( < l < 270( and a height of +36( < b < +12(, as well as extending into high negative latitudes.  The presence of M giants indicates that the structure’s metallicity is at least an order of magnitude higher than previously reported, and is circumstantial evidence of a relatively metal-rich component.  The authors conclude that the Monoceros structure is not a uniform ring in terms of distance, vertical extent, density or depth, but instead suggest that the Milky Way is merging with a dwarf galaxy with tidal arms similar to the Sagittarius dwarf galaxy.  


Crane et al. (2003) looked at spectra of M giant stars in the same Monoceros field.  A mean metallicity of [Fe/H] = -0.4 ± 0.3 was reported; the velocity dispersion was estimated to be 20 ± 4 km/s; and there is a velocity variation with Galactic longitude.  The velocity dispersion is lower than reported by Yanny et al. but still lower than expected for the known Galactic components.  Four globular clusters of low metallicity were aligned string-like with the structure, which is unusual for the outer Milky Way but is similar to clusters found in the tidal arms of the Sagittarius system.  They interpret these findings as a satellite galaxy, located in a prograde, noncircular orbit about the Milky Way, undergoing tidal disruption.

Additional insight to the structure comes from cosmological simulations.  Helmi et al. (2003) performed numerical simulations to show that qualitatively similar features arise naturally as a result of the accretion of satellites on orbits roughly coplanar with the Galactic disk.  They interpret the ring-like structure in two contexts.  One is that the ring is a localized, tidal arc similar to the tidal arms seen in disk galaxy mergers.  Results from Rocha-Pinto et al. (2003) resemble this model.  The second interpretation is that the ring is similar to the shells found around some elliptical galaxies such as M77.  In general, the simulations support the view that if the ring is a tidal feature, minor mergers with the Milky Way had a significant role in making its disk components.

Conclusions

Although there has been a flurry of research over the past year concerning a possible ring-like stellar structure at the Galactic anti-center, its nature is still unresolved.  The first interpretations described the structure as a perturbation of the Galactic disk from the Magellanic Clouds and/or Sagittarius dwarf galaxy, or as a tidally disrupted satellite galaxy.  The latest interpretations favor the latter: a satellite galaxy, similar to the Sagittarius system, currently undergoing tidal disruptions. If the structure is indeed the result of a satellite galaxy undergoing tidal disruptions, it may indicate that dwarf galaxies mixing together formed at least part of the Milky Way.  If the structure is a disturbance of the Galactic disk, its very old age will pose problems for the currently accepted theory that galaxy disks grow slowly outward from the central regions.  As additional data about the magnitudes, velocities, and colors of stars in the outer regions of the Galaxy are obtained, more detailed models of these regions may give us a better picture.  But this will be difficult because it requires observations through the bright central region of the Milky Way.  

The jury is still out on the exact nature of this galactic structure.  For some astronomers, such a ring would not be a surprise.  Michael Merrifield, for example, remarked, “There are quite a number of other spiral galaxies similar to the Milky Way that have been observed to be surrounded by faint rings of stars” (New Scientist News Service 2003).  Others, such as Oxford astronomer James Binney, take a more cautionary view: “Something very interesting is happening here, but the physical picture is as yet totally unclear” (New Scientist News Service 2003).
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