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gravitational-wave emission, at least to low orders we can compete or be more 
precise than LIGO, and I think that’s the beauty of combining these methods. 
By completely different methods, completely different régimes if the theory is 
correct, it has to fit all across the parameter space and that’s where the power 
lies in the combination of the two methods. 

Professor P. G. Murdin.  How close are you to being in a position of not having 
accurate enough terrestrial clocks to do this? 

Professor Kramer.  Fortunately, we’re still on the safe side. First of all, our 
clock colleagues are making superb progress: they now have precisions of 
down to 10−21. But as those clocks are only stable for weeks to months, they 
hand over from clock to clock, while our pulsar time-scales are accurate over 
years and decades. So for the instantaneous measurement, we don’t run into 
problems and that’s the real measurement we do. When we do the instantaneous 
measurement, we refer it to an atomic clock in the observatory, do the GPS 
transfer, correct it to atomic time and international time. We can, however, 
— and this is a nice experiment — show by just looking at pulsars, that our 
colleagues in Paris at the BIPM tune their atomic clocks from time to time.  
We see this in our signal because suddenly, we see some deviation that is 
common to all the pulsars. Nothing is secret. [Laughter.] So I think again, we’re 
feeding off each other and helping each other. 

The President.  Michael, thank you very much indeed, and thanks for a 
wonderful George Darwin Lecture. [Applause.] So that concludes today’s 
programme. May I invite you to a seasonal drinks reception in the RAS library 
immediately following this meeting, and I give notice that the next Open 
Meeting of the Society will be on Friday, 13th of January 2017. Finally, a happy 
Christmas to Fellows and visitors. [Applause.]
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DUSTY  S-CLUSTER  OBJECT  (DSO/G2)  IN  THE  GALACTIC  CENTRE
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There have been many speculations about the character of the 
dusty object moving fast in the vicinity of the Galactic-centre 
black hole. The recent detection of polarized continuum emission 
provides new constraints for the models. The fact that the object 
is intrinsically polarized implies that it is non-spherical. The 
authors propose that a young star developing a bow shock can 
explain the main characteristics. However, more observations in 
the future are needed for the final confirmation of the nature of 
the source.
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Discussion

The object known as the Dusty S-cluster Object (DSO; where S-cluster is the 
name of the innermost stellar cluster in the Galactic centre), often also denoted 
as G2, was considered shortly after its discovery1 as a small gas and dust cloud 
of only three Earth masses. However, subsequent monitoring by the Very Large 
Telescope of the European Southern Observatory as well as the Keck telescopes 
has shown that the object does not tidally stretch in a way we would expect for 
a simple core-less gas cloud. Instead, the dusty source has stayed more compact 
than expected and survived intact the close passage to the black hole in the 
spring of 20142,3. 

Despite the compactness, the dispute about the character of the object has 
continued, mainly because it has not been possible to resolve directly the 
internal structure of the enigmatic object, as is possible, for example, for nearby 
young stars in the Orion star-forming region. To make things more complicated, 
some experts claim1,4 that they do detect the tidal stretching of the source. 
As a result, many scenarios for the nature of the DSO have been proposed.  
They can be mostly grouped into three categories: a core-less cloud1 or 
streamer 4,5, a dust-enshrouded star6,7, and a binary scenario — either binary 
merger3,8 or disruption7 of both components, where one of them can escape the 
Milky Way entirely as a so-called hypervelocity star.

However, there is a way to go partially around the angular-resolution problem. 
One can try to study the polarization properties of the incoming electromagnetic 
signal to see if the source as a whole is polarized or not. Polarized sources have 
a preferred plane in which the electric-field vectors are oscillating, which gives 
hints about their internal geometry as well as radiative processes.

It was quite a surprise when it was discovered9 that the DSO is an intrinsically 
polarized source in the near-infrared Ks-band (2·2 micrometres). Whereas 
surrounding stars close to its position have a degree of polarization close to 
zero, the DSO exhibits a polarization degree of around 30 percent for four 
consecutive epochs (2008, 2009, 2011, and 2012). This implies that the source 
must deviate from spherical symmetry, otherwise the individual polarization 
contributions would cancel out.

The detection of polarized emission puts a new constraint on the character of 
the object. In general, the DSO is a very faint source in an extremely crowded 
stellar field: the number density of stars in the central few light years is about 
10 million times that in the Sun’s neighbourhood. Therefore disentangling the 
emission of the DSO from that of the surrounding sources is often challenging. 
In addition, it is not possible to resolve the brightness distribution as it is for 
nearby objects. As a consequence, it is necessary to combine carefully orbital 
dynamics, spectral properties, and, at last, the polarimetry, to see the full picture 
of the mosaic.

In the polarization-detection paper, the authors9 also construct a numerical 
radiative-transfer model of the DSO. The model consists of typical ingredients 
of young stars: a star at the centre of the DSO is the source of thermal photons, 
and is surrounded by a dusty envelope and bipolar cavities due to outflows, 
which together re-process the emission of the star — UV and optical photons 
are absorbed by dust particles and re-emitted at longer wavelengths, mostly in 
the near- and mid-infrared domains. Furthermore, the photons emitted by the 
star and the dust are scattered by dust particles, which is the source of polarized 
emission in the model.
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Moreover, since the DSO is expected to move supersonically close to the 
black hole, a bow shock is formed ahead of the star10. All of these components, 
which one would expect for a supersonic young star in the Galactic-centre 
region, lead to a significantly non-spherical nature of the source, which gives 
rise to the overall polarized near-infrared emission. Not only is the model 
successful in explaining the polarization properties, it can also match other 
observed characteristics of the DSO, namely a significant near-infrared excess 
or ‘reddening’ due to dust emission and broad hydrogen-emission lines, which 
arise due to the Doppler broadening either because of the material flowing 
towards the star (accretion) or by gas outflows or winds, which are both typical 
features of young stars2.

It could be argued that the overall non-spherical shape is caused by the 
gradual prolongation of the gaseous component by tidal forces rather than the 
model described. However, the DSO/G2 source does not show convincing signs 
of tidal interaction in either line or continuum emission2,3. Tidal stretching 
would be expected for a core-less cloud or a star with an extended envelope 
with a length-scale of about 100 AU. In that case the source would be tidally 
stretched along the orbit by a factor of a few2, which was not detected during 
the peribothron passage2,3, when the effects of the orbital foreshortening are 
minimized. In fact, the DSO is fully consistent with being a point source3. 

Therefore, based on the compactness and a prominent IR excess, a pre-main-
sequence star surrounded by a non-spherical dusty envelope (envelope with 
bipolar cavities) seems to be a more natural scheme to explain the continuum 
and line-emission characteristics. In the framework of this scenario, a bow 
shock forms due to an expected supersonic motion close to the pericentre, 
which further breaks the spherical symmetry.

Further monitoring of the source will help us to test the proposed model, 
mainly by the means of orbital dynamics. If the motion of the source does not 
deviate from a simple Keplerian ellipse, it must be a compact object, not a cloud. 
On the other hand, the core-less cloud would sooner or later start spiralling in 
towards the black hole because of the interaction with the surrounding ambient 
medium.

It remains a small puzzle, though, how such a young star as proposed to 
explain the DSO phenomenon can be formed and subsequently orbit so close 
to the black hole for such a long period of time — possibly several-hundred-
thousand years, which is the estimated age of class 0 and class 1 protostellar 
objects2. Thanks to the computer modelling, this problem can be partially 
tested by means of numerical experiments. It was already confirmed11 that in-
situ star formation close to the black hole can take place when a cold molecular 
cloud of about 100 solar masses falls in towards the black hole from the region 
where there is a molecular circum-nuclear disc that contains clumps of a similar 
mass (approximately 1·5–6 parsecs from Sgr A*). In this model, the critical 
density for the onset of the collapse is reached by the tidal focussing because 
of the black hole’s gravity — one can talk about so-called black-hole-assisted 
star formation. Another proposed scenario is the gravitational instability and 
the fragmentation of a massive accretion disc encircling the black hole12, which 
is supported by the observed stellar disc containing massive young stars with an 
age of only a few million years. On-going star formation in the central 2 parsecs 
was also supported by recent radio and infrared observations13 in terms of 
finding localized water and SiO masers and identifying infrared-excess sources 
whose spectral energy distribution is consistent with massive young stellar 
objects.

June 2017 Page NEW.indd   114 20/04/2017   11:06



2017 June Spectroscopic Binary Orbits 254

Since the star formation close to the massive black hole has many intricacies, 
several important details of how stars are formed at the Galactic centre remain 
still blurred. New, powerful instruments in the near future, such as the James Webb 
Space Telescope or European Extremely Large Telescope,  will certainly shed new light on 
the problem. Regardless of some remaining theoretical problems, the observations 
seem to show that star formation can proceed in different environments throughout 
the Galaxy — from the close vicinity of the supermassive black hole at the 
Galactic centre all the way to the Galaxy outskirts.
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SPECTROSCOPIC  BINARY  ORBITS 
FROM  PHOTOELECTRIC  RADIAL  VELOCITIES

PAPER 254:  HD 155878,  HD 156613,  HD 159027,  and  HD 162054

By R. F. Griffin
Cambridge Observatories

The stars mainly discussed in this paper are all between about the 
eighth and ninth magnitudes and are located in the constellation 
Hercules. They came to attention as binaries in the course of the 
writer’s ‘Clube Selected Areas’ programme1 of radial-velocity 
observations (recent succinct descriptions of which may be found 
in the Introductions to Papers 251 and 2532,3). HD 159027 and 
HD 162054 are in Area 1, and so is HD 155878 although it was 
not actually on the Clube programme, while HD 156613, which 
is at a somewhat higher declination, is in Area 2. All except for 
HD 162054 are Hipparcos stars, and they all have good magnitudes 
and colour indices determined by the satellite’s Tycho programme. 
In no case has the companion star been apparent in the radial-
velocity traces. 
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