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Introduction:  Active cometary nuclei are ex-

pected to manifest their rotation by diurnal variability 
of the outgassing rate and direction of parent mole-
cules. A natural observing tool for detecting and inves-
tigating these effects is millimeter-wavelength spec-
troscopy. It is sensitive to parent molecules through 
their rotational transitions, and offers spectral resolu-
tion of the order of 1 million or more (0.3 km/s or bet-
ter). The unique resolving power provides a detailed 
spectral profile (or at least a position) of an individual 
line, which is controlled by an instantaneous out-
gassing pattern of the nucleus surface, whereas the 
integral sum of the line is a good indicator of an in-
stantaneous total production rate. A critical condition 
for a successful detection of these effects is to restrict 
the observation to the molecules emitted at similar 
moments in time, which requires small beam sizes and 
short exposures. So far, such effects have been de-
tected only for comet Hale-Bopp [1], [2], Tempel 1 
[3], and recently Schwassmann-Wachmann 3 [4]. 

Comet 8P/Tuttle approached the Earth at a distance 
of only 0.25 AU in Dec. 2007 and Jan. 2008, provid-
ing a natural opportunity to investigate the effects re-
lated with the rotation of its nucleus. It is a Halley 
family comet with an orbital period of 13.6 years. Due 
to the very unfavorable geometric conditions around 
its previous perihelion passage in 1994, the last time it 
was widely observed was only during its return in 
1980/1981. 

Observations:  Comet 8P/Tuttle was monitored 
through the J(3–2) transition of the HCN molecule 
using the Arizona Radio Observatory’s Submillimeter 
Telescope on Mount Graham. The half-power radius 
of the beam was 14.5 arcsec, corresponding to 2600 
km at the comet, and the spectral resolution was 0.28 
km/s. The monitoring covered five hours of observa-
tion on Dec. 30, 2007, three hours on Dec. 31, 2007, 
and five hours on Jan. 1, 2008, all under excellent 
weather conditions. As a result we acquired 27 spectra, 
each comprising a 30-min. time interval. 

Results and discussion:  On each night the line 
profile was evolving in an organized manner; in Fig. 1 
we show two contrasting examples. At the same time 
the integral sum of the line was fairly constant. The 

repeatability of the spectral signatures is consistent 
with the rotation periods of 5.7 hr, 7.4–7.6 hr, and their 
multiplicities. 

 

 
Figure 1:  An example of two individual spectra. 
 

Very similar results have been obtained before [5], 
[6]. We should note, however, that the period of 7.4 hr 
links the spectra from different nights noticeably better 
than does the period of 5.7 hr. Multiplicities of both 
base periods cannot be excluded, though they are diffi-
cult to evaluate. 

Our spectra suggest a gas-expansion velocity equal 
to 0.8 km/s, and a mean-diurnal production rate of   
log Q(HCN) = 25.45. Whereas the velocity is typical 
for a comet around the Earth’s orbit, the production 
rate is significantly lower from what should be ex-
pected for a nucleus with a 7.3-km radius [7]. 

Conclusions and future work:  We demonstrated 
that the millimeter-wavelength spectroscopy of parent 
molecules can be an effective tool for studying the 
rotation of active comets. As by-products of such ob-
servations, the gas-expansion velocity and the mean-
diurnal production rate of the observed molecule can 
be easily retrieved. Furthermore, we will attempt to 
model the observed line profiles all together in order to 
obtain some constraints on the spin axis orientation 
and the location of active source(s). 

References: 
[1] Henry F. et al. (2002) EM&P, 90, 57-60. [2] 

Boissier J. et al. (2007) A&A, 475, 1131-1144. [3] 
Biver N. et al. (2007) Icarus, 187, 253-271. [4] Drahus 
M. et al. (2007) A&A, submitted. [5] Schleicher D. and 
Woodney L. (2007) IAUC, 8906. [6] Harmon J. K. et 
al. (2008) IAUC, 8909. [7] Licandro J. et al. (2000) 
Icarus, 147, 161-179. 

Asteroids, Comets, Meteors (2008) 8334.pdf


