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It is suggested that SgrA∗ , together with the stars which orbit it, form an old, nearly
totally collapsed, globular cluster, that it is not at the centre of the galaxy and that
there is no reason to suppose that it is at rest.

85A05, 85A15; 85A40, 83F05, 83C57

There is a strong radio source at SgrA∗ which has been the subject of many observations.
Observations of the proper motion of SgrA∗ using a very long baseline interferometer,
due to Reid et al [4], suggested that the observed motion could be ascribed to the
orbital motion of the sun and that SgrA∗ might in fact be at rest. Further the orbits
of stars near SgrA∗ have been carefully monitored over a period of 18 years or so.
These observations establish that this object is massive (about 4 × 106 solar masses,
presumably a black hole) and at a distance from the sun of about 8.3kpc. For a good
overview see Gillesen et al [3].

The suggestion by Reid et al that SgrA∗ might be at rest with respect to the galaxy as a
whole has led to the belief that it is in fact at the centre of the galaxy in which we lie
and this has become now an accepted “fact” with Gillesen et al for example describing
SgrA∗ as “the Massive Black Hole in the Galactic Center”.

This note suggests that this is erroneous and that SgrA∗ is not at the centre of the galaxy
and may not be at rest either. But before presenting the evidence that it is not at the
centre it is worth making a tentative suggestion for what it actually is.

Globular clusters have total mass varying up to around 107 solar masses and central
black holes have been detected in many clusters. Moreover there is a well-established
theory for mass concentration and black hole formation in clusters, see [2]. Indeed this
is a natural phenomenon as clusters age. Stars will burn out and collapse and mass
concentration will cause a group of collapsed stars to coalesce into a single black hole.
The group of stars orbiting SgrA∗ , together with SgrA∗ itself have all the characteristics
of a globular cluster near the end of its life with most of the mass coalesced into the
central black hole and the remaining stars in orbit around the centre.

Later we shall briefly discuss the stellar composition, but first we turn to evidence that
it is not at the centre of the galaxy.

http://www.ams.org/mathscinet/search/mscdoc.html?code=85A05, 85A15,(85A40, 83F05, 83C57)
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The COBE satellite has made a wonderful image [1] of our galaxy using three infrared
frequencies. This is reproduced in Figure 1.

Figure 1: Composite image of our galaxy from the COBE satellite

The image uses Mollweide projection, which preserves area but not much else. Because
of the conviction that SgrA∗ is at the centre, this has been located dead centre in the
image. The horizontal scale is galactic longitude covering the full 360◦ and it is linear.
If SgrA∗ was truly at the centre of the galaxy then this image would be symmetrical
about both the central vertical and horizontal axes. It is clearly not. The bulge peaks
rather to the left of centre and the main disc (seen edge-on) is also displaced to the
left. Not quite so obvious, but also clearly visible, is vertical asymmetry, with the disc
displaced slightly downwards from the central horizontal line. (There is a blown-up
image of the centre of Figure 1 on the same site with the asymmetry of the bulge and
the vertical displacement both very clearly visible.)1 It is recommended that you print
out Figure 1 on a piece of paper. Fold it in half and mark the centre where SgrA∗ is.
Then mark the rough centre of the bulge (ignore the bright area near SgrA∗ which will

1It has been pointed out to me that because of the spiral arms there is no reason to expect the
main disc to appear symmetrical. But this comment does not apply to the central bulge or to the
vertical asymmetry.
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be discussed below). Also mark the rough centre of the main disc. When I did this I
found that both of these were displaced about 3mm to the left (printing on A4 with best
fit), which corresponds to about 4◦ . Also check the vertical positioning. I found this to
be also displaced by about 1mm or about 1◦ .

So SgrA∗ is not at the centre of the galaxy. Is there any reason to suppose that it is at
rest? This assumption has become self-fulfilling with other velocities measured against
it. If this assumption is dropped, there is no direct evidence to reinstate it. We would
need to measure average velocities for the galaxy as a whole, compensating for redshift
due to a heavy centre (not SgrA∗ ) if any. So far as I know this has not been done.

I would now like to turn to the bright region near SgrA∗ . Here is a suggestion for what
this might be, which also leads to a suggestion to explain the stellar composition of the
cluster. I suggest that we are looking here at the root of a spiral arm where stars are
being born and that this accounts for the brightness of the radio image. This implies
that the region is full of pre-stellar material (dust and light elements) out of which
stellar systems are condensing. The cluster has moved into this region, which accounts
for the strange stellar composition — predominantly Wolf-Rayet and type O with a
sprinkling of young stars (the so-called paradox of youth). The young stars could result
from the capture of clouds of pre-stellar material which have condensed into stars. The
Wolf-Rayet and Type O stars are heavy old stars consistent with extreme age for the
cluster as a whole.

References

[1] COBE satellite image,
http://lambda.gsfc.nasa.gov/product/cobe/cobe_images/cobeslide10.jpg

[2] Wikipedia article on globular clusters,
http://en.wikipedia.org/wiki/Globular_cluster

[3] S Gillesen et al, Monitoring stellar orbits around the Massive Black Hole in the Galactic
Center, Astrophys J 692 (2009) 1075 DOI:10.1088/0004-637X/692/2/1075

[4] M J Reid et al, The Proper Motion of Sagittarius A∗ . I. First VLBA Results, AstroPhys
J 524 (1999) 816 DOI:10.1086/307855

Mathematics Institute, University of Warwick, Coventry CV4 7AL, UK

cpr@msp.warwick.ac.uk

http://msp.warwick.ac.uk/~cpr

http://lambda.gsfc.nasa.gov/product/cobe/cobe_images/cobeslide10.jpg
http://en.wikipedia.org/wiki/Globular_cluster
http://dx.doi.org/10.1088/0004-637X/692/2/1075
http://dx.doi.org/10.1086/307855
mailto:cpr@msp.warwick.ac.uk
http://msp.warwick.ac.uk/~cpr

	Bibliography

