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Introduction:  Launched in 2004, the Rosetta 
spacecraft [1], which is en-route to rendezvous with, 
and land on, comet 67P/Churyumov-Gerasimenko [2], 
will awaken from its current deep space hibernation 
early in 2014. For the following few months it will 
gradually approach the target and ultimately complete 
detailed mapping of its surface. Towards the end of 
2014 a small lander, Philae [3], will be ejected from 
the main spacecraft and shortly thereafter anchor itself 
to the nuclear surface. At this point it will begin a se-
ries of scientific investigations including panoramic 
and stereoscopic imaging, radio science, measurements 
of physical properties and elemental/isotopic analysis 
of surface materials. The on-comet investigations are 
loosely split into a so-called “First Science Sequence” 
(FSS) and a more extended opportunity, which will 
essentially last until the lander fails or instrument re-
sources are fully utilised, etc. 

 
First Science Sequence:  After Philae lands on the 

cometary nucleus it will enter a pre-determined phase 
of investigation that will last of the order of 60 hours. 
The key thing here is that during FSS there will be 
little opportunity for ground-based intervention. Thus, 
even though there may arise a desire to re-direct scien-
tific operations this will effectively not be possible. In 
other words, the FSS has to be considered as a series of 
activities that have been fully planned in advance. In 
this regard it should be fairly obvious that this is a 
challenging prospect. On the one hand it is clear that 
the maximum scientific return is paramount (especially 
since, in the worst case scenario, there may be no ex-
tended mission), but on the other, there has to be 
enough flexibility in the operations to account for the 
unlikely (as opposed to, say, the unexpected). All in-
strument providers are engaged with this activity. 
Herein we consider some of the specific issues facing 
the Ptolemy instrument team. 

 
Ptolemy:  The instrument is a miniature chemical 

analysis laboratory intended to determine the chemical 
and isotopic composition of cometary material sourced 
from beneath, on and above the surface of the target 
comet [4]. In detail, the instrument will determine the 
concentration, chemical and accurate isotopic ratios 
(D/H, 12C/13C, 15N/14N, 18O/16O and noble gases) of 
liberated volatiles. Samples are taken from the Sam-
pler, Drill and Distribution system (SD2) and are then 
processed in a chemical preparation suite before deliv-
ery to a three-channel gas chromatograph (GC). Elu-

tion products from the GC are passed to a quadrupole 
ion trap mass spectrometer for detection and quantifi-
cation. As well as analysing solid samples, Ptolemy 
can passively adsorb coma material onto molecular 
sieve contained within one of the 26 SD2 sample ovens 
for later thermal release and analysis. Ptolemy can also 
make direct “sniff” detections of the current spacecraft 
environment, bypassing the sample inlet and GC sys-
tem, and analysing instead the inside of the mass spec-
trometer, which is connected to space via a vent pipe. 

 
Operations during cruise: As with any other ex-

ploration mission, the various instruments on board the 
spacecraft have been checked out during flight. As 
such we have a feeling for how the various aspects of 
the system should behave when deployed on the 
comet’s surface. We also have a flight-like version of 
the instrument under thermal vacuum conditions in the 
laboratory that is being used to devise and verify the 
various operational sequences. 

 As reported previously [5,6] we were able to 
evaluate the performance of parts of the instrument 
during a campaign of activity accompanying the fly-by 
of 21 Lutetia, where we used Ptolemy to investigate 
the possible existence of an asteroidal exosphere. For 
this, the flight-demonstrated mass range of the mass 
spectrometer (10-140 Da) was particularly suited for 
detecting volatiles such as water, SO2 and organics. 
Ptolemy made “sniff” measurements several hours 
either side of close approach (to provide background 
data), and near to closest approach whilst over the sub-
solar point of the asteroid’s surface. Although the re-
sults showed no unambiguous detection of an exo-
sphere, the total ion counts seen for differing mass 
spectral ranges (11-90 Da and 20-140) showed a rising 
and falling trend in the apparent pressure of the space-
craft environment. Now, this should not surprise us 
since spacecraft are surrounded with a partial pressure 
(of the order of 1x10-11 mbar for Rosetta [7]) of vola-
tiles such as water and small organic molecules from 
surfaces, adhesives, other spacecraft structures and 
thruster firings. The increase in partial pressure ob-
served during the flyby was of the same magnitude and 
chemical composition as that to be expected from 
spacecraft manoeuvres [7]. 

The results from the Lutetia opportunity give us 
both confidence in the instrument’s capabilities and, by 
extension, a desire to use the device during rendezvous 
with the comet (i.e. prior to separation of Philae). 
However, since this was not in the original flight op-
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erations plan we necessarily accept that it may not be 
possible. Clearly once Rosetta emerges from hiberna-
tion and various checks are performed the situation 
may need to be reappraised. 
 

The Challenge:  As stated above, Ptolemy is a GC-
MS system that is able, in principle, to determine the 
chemical and isotopic compositions of many different 
entities (provided they are presented as volatiles, 
which means, of course, that even something as refrac-
tory as graphite or diamond can be analysed provided 
that the constituent carbon is converted to CO2). In-
deed, it was designed specifically with this capability 
in mind, the individual members of the team involved 
being both instrument builders and cosmochem-
ists/isotopers (i.e. from an era where such activities 
went hand in hand). At the time when the instrument 
concept was being developed the hope was to make 
profile measurements of the cometary surface layers in 
an attempt to determine how pristine material from 
deeper levels would have been affected by the proc-
esses of devolatilisation, impacts, general “maturation” 
and so on, at the very surface. Hopefully it will still be 
possible to do this although there has to be a certain 
realisation that the most complete set of experiments 
may not be possible during FSS because of resource 
constraints. By their very nature instruments involving 
ovens, reactors, gas chromatographs, mass spectrome-
ters etc. tend to be power hungry. Furthermore, the act 
of drilling and collecting a sample from the surface 
layers takes a certain amount of time (and the SD2 
system on Philae has to service three different instru-
ments, which requires in some cases the collection of 
separate samples). In terms of the desired profiling 
studies the exact depth from which a sample is re-
quired is open to uncertainty. And it goes without say-
ing, but a malfunctioning drill would definitely com-
promise the ambitions (which is one of the reasons 
why Ptolemy has been designed with additional sam-
pling capabilities). 

Another aspect of the challenge faced by some of 
the Philae instrument teams is the, as yet unknown, 
nature of the landing site. At very least we should ex-
pect a range of possibilities that include varying de-
grees of activity, surfaces dominated either by ice(s) or 
refractory materials, a local “terrain” with a roughness 
that provides constraints for the sampling device, and 
so on. Although instruments like Ptolemy are highly 
adaptable in their capabilities, having to pre-plan for a 
myriad of possibilities is somewhat daunting. 

 
Summary:  By the time of the 45th Lunar and 

Planetary Science Conference, the Rosetta spacecraft 
should be out of hibernation and beginning to approach 
comet 67P/Churyumov-Gerasimenko. Between now 

and then we must finalise the philosophy of our sam-
pling strategies based on what we expect and what is 
possible. 
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