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Abstract. From longslit spectra obtained during the 1996 perihelion passage of ComgEhairfumov-Gerasimenko,

a CN production rate of (85 + 0.35) x 10?® moleculesst was determined and an upper limit for thg @oduction rate

of 1x 10?° molecules st was derived. The dust color and dust activity were determined from the continuum light in the spectra.

A neutral dust color was determined between 4070 A and 4600 A. The CN production rate ang faeakheter, determined

to (4282 + 59.8) cm, were similar to the values of the 1982 perihelion passage, indicating that the comet’s activity did not
change significantly in recent orbital passages. A first crude estimate of the dust production rate indicates a high dust to gas
mass ratio.

R-filter images taken in March 2003 were used to study the dust coma morphology. Two jet structures were seen in the coma;
these structures show no variations within the observing period from March 7 to May 30, 2003. The orientation of these station-
ary structures suggests an inclination of the rotation axis of the nucleus of approximatelithifespect to the orbital plane.
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1. Introduction Furthermore, broadband filter images obtained in spring 2003

. . . reveal a dust anti-tail and coma structures.
The Jupiter family comet 6 7huryumov-Gerasimenko (here-

after 67PC-G) is the new target for the Rosetta space mis-
sion (ESA). Since the knowledge about the properties and theObservations and data reduction

long-term behavior of this comet is poor, detailed studies Pr{ February 1996, longslit spectra of comet 8RS were ob-

Con::(arf):lfs'$ irtfsre“re\faet?;?;yby Lamy et al. (2003), the e}ained at the Observatoire de Haute-Provence (OHP), France.
) . : " Atthe 1. I HP th i lution | li
fective radius of the nucleus of 6/G was determined to tthe 1.93 m telescope at OHP the medium resolution longsiit

. ) spectrograph CARELEC (Lemaitre et al. 1990) was used for
(1.98 £ 0.02) km and a rotation period of (12+ 0.27) h . ! : .
was derived. Comet 67€-G has an orbital period of ap_the observations. The instrument was equipped with a>612

. X . . 512 pixel CCD, providing a slit length of 5.5 arcmin and a spa-
proximately 6.6 years. Due to the geometrical O”G”ta“‘%[& scale of 1.1/pixel. The slitwidth used was 2/1 The slit

of Earth, Sun and 67B-G, the observing conditions were as aligned along the projected solar direction. The instrument

good only every second perihelion passage, otherwise ‘?—up is summarized in Table 1. During the three nights of ob-

solar elongation of the_ comet durmg pelrlhe_llon passaggrvations, dferent wavelengths ranges have been chosen to
was too small. Production rates available in literature (e.(gOver various emission bands in the optical spectrum of the

Lowell Observatory Cometary Database (LOCD), described %met. The wavelengths ranges and observational details are

AHearn et al. 1995; Cochran et al. 1992) for OH, CN;, C _. .
. ; . iven in Table 2. Unfortunately, only on February/10, 1996
C, and NH are derived from observations during the 1982 e sky conditions were photometric.

?oagggpo' E:ZZ(;& g?:gg\gtc;ar-]t?(algrilnzsribf:cmugé et?fovgﬁjset Standard data reduction routines were applied to the spec-
(1992) and AHearn et al, (1995) tﬁja including bias subtraction, _flatfleldlng,_wayelength ce_lllbra-
: ' _ tion, sky background subtraction and extinction correction. In

Ip thls work, we preseqt production rates Qf C.N and an u rder to separate the gaseous emissions from the background
per limit for the G production at the 1996 perihelion PaSSaYGt scattered sunlight on cometary dust particles, a solar ana-
Send gprint requests toM. Wesiler, logue spectrum (Hyades VB 64) obtained with the same in-
e-mail'michael .weiler@dlr.de strument was fitted to the cometary spectra by using a polyno-
* Based on observations collected at the Observatoire Bual. The fitted solar analogue spectrum was subtracted from

Haute-Provence (OHP), France, andufihger Landessternwartethe cometary spectra to separate the gas emissions and the con-

Tautenburg (TLS), Germany. tinuum of scattered sunlight.
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Table 1. Technical parameters of the observations using the instrument CARELEC at the 1.93 m telescope at OHP and the CCD camera
2 m telescope of TLS.

| 5 Slitlength  Slitwidth ~ Spatial scale  Wavelengths scale FOV
nstrument ate . .

[l [”] [”/pixel] [A/pixel] [l
CARELEC February, 1996 5.5 2.1 11 1.8 -
TLS-CCD1 March 07, 2003 - - 15 - 52.6 and 28.9
TLS-CCD 2 other - - 1.1 - 38.2and 21.0

* CCD area reduced to save readout time in some exposures.

Table 2. Spectroscopic observations of comet 8% from OHP. All observations were performed at the 1.93 m telescope using the
CARELEC spectrographr, and A denote the heliocentric and geocentric distance, respectivelys alehotes the phase angh.is the
number of spectra obtained in one nightthe total exposure time during the night atdis the wavelengths range of the spectra.

Date rm [AU] A [AU] Bl°] N T [min] A

09/10.02.1996 1.33 1.18 45.9 2 20 581756731 A
10/11.02.1996 1.33 1.18 45.7 3 50 37514666 A
11/12.02.1996 1.34 1.19 45.6 4 50 603446944 A

* Night not photometric.

Table 3. Broadband filter observations of comet @ZFG with the 2m-telescope at TLS. All observations were performed with the 2 m tele-
scopgCCD camera. Observation dates and time intervals of the observations are gashA denote the heliocentric and geocentric distance,

B the phase anglé\ the number of images arkthe exposure time of each frame. None of the observations were obtained under photometr
conditions.

Date Time [UT] rn [AU] A [AU] B[] N Filter T [min]
07.03.2003 01:52 02:47 2.47 1.49 43 14 B+R 2
27.03.2003 20:36- 21:41 2.62 1.69 10.0 19 R 2
28.03.2003 00:26- 00:53 2.62 1.70 10.1 10 R 2
28.03.2003 20:1 21:03 2.63 1.71 10.4 15 R 2
31.03.2003 21:4% 22:27 2.65 1.75 11.4 15 2
30.05.2003 21:00 22:26 3.06 2.82 19.3 17 V+R 2

In March and May, 2003B, V and R-filter images of chip produced some interference patterns varying with time.
comet 67RC-G were obtained using the 2m-telescope of thghese structures are only weak (less than 2% of the maximum
Thuringer Landessternwarte Tautenburg (TLS), Germany. Tbemet intensity in a 2 min exposure) and large compared to the
observations are listed in Table 3. For the technical parametextension of the coma of comet §TRG. Therefore, they do
of the instrument used see Table 1. not disturb the analysis of the coma for spatial structures in the

The images were bias subtracted, flatfield corrected and figgervations of this night.
sky background was subtracted. Since all observations were |, the nights of March &, 2728 and 289 problems with
performed through thin clouds, no absolute flux calibration {ge electronic equipment lead to a number of pixels in every
possible. It was not possible to track the comet with the telggposure having the value zero. When several exposures of
scope, therefore a number of short time exposures were takgthet 67pC-G were added, the resulting image contained so
and co-added for image analysis. During the exposure time Ry of these pixels that the analysis of the coma became dif-
each image, the comet's movement is less than the spatialggyjt. Interpolating the values of the disturbed pixels from the
solution of the CCD. All images taken in one of the six timgrounding area of the same image is not suitable in the inner
intervals given in Table 3 were co-added after shifting the i3y ma of the comet since the intensity gradient is large, mak-
ages to compensate the comet's movement. ing it difficult to obtain a good fit. Therefore, the positions of

The broadband filter observations wetfeated by some the disturbed pixels were detected by applying a dtitevel
technical problems. The night of Marcli7§ 2003 was dedica- in each image. The pixel values were replaced by values de-
ted to the testing of a new CCD-chip (CCD 1 in Table 1). Thidved from another (in most cases the next following) image.
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In order to take the changing weather conditions into accoupt; 29

the values from the image used for replacing the disturbed pix-
els were multiplied by a correction factor. This factor was de-
termined from the fluxes of a number of stars, integrated in
both the image to be corrected and the image used for the re-
placement. Due to the shifting of the images on sub-pixel levél
to compensate the comet’'s movement, the pixels neighbouririg
a disturbed pixel could beffected as well. Therefore, all pix-?
els of an image surrounding a detected “bad” pixel were also 5
replaced. X
Images obtained on May 30, 2003 could not be used for 0
coma analysis. The comet faded significantly from the previ-
ous observations in March, so ndicient signal to noise ratio ’538‘00 ‘ ‘40‘00 ‘ ‘42‘00 ‘
could be archived. The strong loss in brightness was in part Wavelength [A]
caused by the increase of the geocentric distance by approxi-
mately a factor of two and increase of the phase angle fr@m 4Fi9- 1. Spectrum of comet 67E-G, obtained on February 10, 1996
to 19.3° between beginning of March and end of May. Since \/\%;d averaged between 37§6 km and 7531 km projected n_ucleocentnc
have no absolute measure of the comet's gas or dust activity |é§nce on the tailward side of the nucleus for better display. The
. . - continuum is subtracted.
cannot quantify how much of the brightness decrease is due %
decreasing cometary activity.
During our observation period Earth crossed the orbital A -~y production rate of (B5: 0.35)x 105

plane of comet 67f-G, moving from 43" south of the ¢ computed from the spectra, averaged over the sunward and
plane on March 7 to &° nf)rth of the pla_ne on May 30, silward side of the nucleus. Using scale lengths from other
measured from the comets nucleus. This means, the dysihors (AHearn et al. 1995; Cochran 1985; Rauer et al. 2003)
tail of comet 67C-G is seen nearly edge-on in our 0bservgs, s 1o less good fits to the radial intensity profiles, but the
tions. At the same time comet 672G was at a high elonga- ogact on the production rates is less than 20%.

tion (169 on March 7, decreasing to 94t the end of May). n upper limit for the G production rate of 1x

This leads to unusual position angles of the solar directi(;i 5 molecules st was determined.

with respect to the dust tail direction. The projected Sun di- For comparison. the CN production rates from the
rection moved in direction of the extended tail structure dui— P ’ P

. . . o : 82 perihelion passage of comet ZFG are shown in Fig. 2

'ng our observatlons.whlle the position of thg tal Cha.nge@iiven by LOCD and Cochran et al. 1992) together with the

only a few degrees with respect to the equatorial coordinat; o L .
value presented in this work. A perihelion asymmetry in the

When the Earth_ was in the orbital plane_ of th? comet BN activity can be seen in the data from the 1982 perihelion
May 10'11, the tail structure should have pointed directly alon ssage. Comparing the CN production rates from 1982 with

the projected Sun direction. The neck-line structure is therefore - . .

: ; e : ... __ourvalue from 1996, no significant change in activity occured.
strictly speaking an antitail. Because of its strong variations in
our observations, the projected Sun direction is not a suitable

reference direction in this work. 4. Dust color and activity
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The color of a cometary coma is defined by Jewitt & Meech
(1986). The dust color was determined on the wavelengths in-
The longslit spectra of February/IQ, 1996 were used to de-terval [4070 A, 4600 A] from our longslit spectra. We com-
termine the production rate of CN from the observed{B- pared directly to the solar spectrum instead of using the ana-
X2x+) emission band at 3880 A using a Haser model. Figurddgue star which can show slight deviations from solar color. A
shows a spectrum of comet GZPG after continuum sub- solar catalogue spectrum (Kurucz et al. 1984) was brought to
traction. To increase the signal to noise ratio the spectruntlie same resolution as the comet spectra and the flux calibrated
averaged from 3766 km to 7531 km projected nucleocenttiometary spectra were divided by the solar spectrum to ob-
distance on the tailward side of the nucleus for display. Tit@in the reflectivity. This was done for a mean spectrum of the
Cs emission AIl, — X'} system at 4050 A) could not becometary coma, obtained by adding the innermost 12 columns
clearly detected. Therefore, only an upper limit for thepBo-  on both sides of the nucleus, corresponding-1ol x 10* km
duction rate was derived. projected nucleocentric distance. Within the wavelengths in-
The Haser scale lengths for CN from Fink et al. (1991) aterval a weak CN emission and a remnant of a night sky line
used and a gas velocity of 1 km'ds assumed. The g-factor iswere present. Nevertheless, a good linear fit to the reflectiv-
derived from Schleicher (1983). Fos(he scale lengths andity was possible on this wavelengths range. By using the flux
the g-factor from A'Hearn et al. (1995) are applied. calibrated spectra instead of the fitted continuum spectra, we
For the determination of the production rates, all three speayoided additional errors due to continuum fitting.
tra obtained on February 0L, 1996 were added, leadingtoan A mean color of £0.7 + 5.1)%/10° A was determined on
effective exposure time of 50 min. the interval [4070 A, 4600 A].

3. Gas production rates



752 M. Weiler et al.: Optical observations of Comet BZRuryumov-Gerasimenko

600 A mean Ap value of 428.2 cm was determined with a de-

s00F X CARA viation of £59.8 cm on the sunward and tailward side of the slit
x LOCD % due to coma asymmetries.
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400l ®0 Storrs et al. 1992 # The Afp parameter derived from longslit spectra is high
A This work but of the same order of magnitude asoAfetermined at the
1982 perihelion passage by LOCD and Storrs et al. (1992) at
similar heliocentric distances (see Fig. 2). Unfortunately, due
to the lack of images it can not be ruled out thap Afom the
X longslit spectra is influenced by a strongly asymmetric coma.
. The dust production rate can be determined from &
o 8 number of assumptions are made. We used the model describec
) * ) ) by Weiler et al. (2003) to determine the dust mass production
‘ ‘ rate and the maximum grain size for particles that can be lifted
* LOCD from the nucleus surface. This is done by solving the Euler-
®o Cochran et al. 1992 equations for the gas flow, treating the dust grains as test par-
1025 T;I; e 1 km/sec % | ticles in the flow to compute the velocities of dust grains in
X
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% the inner coma. We used the OH production rates given by the
0 LOCD as an estimate of the water production rates, assumed an
% active surface fraction of 10% as an upper limit and not vary-
ing along the orbit, a radius of 2 km (Lamy et al. 2003) and a
density of 1 g cm® for the nucleus, and a dust density function
according to Newburn & Spinrad (1985). With these parame-
preperihelion postperihelion ters one obtains a maximum radius of particles that can be lifted
1023 ‘ ‘ ‘ ‘ from the surface by the gas flow against gravity of 9.5 cm at the
4 3 2 2 3 4 maximum of activity on December 14, 1982, at 1.36 AU post-
heliocentric distance [AU] perihelion. This maximum radius decreasesto 0.8 cmat 1.5 AU
postperihelion in March, 1983.
Fig.2. Upper panel: Afp values for comet 678-G. The data In order to determine the dust production rate, we assume
from LOCD and Storrs et al. (1992) are from the 1982 perihelion pagre “standard” values for the parameters needed. A dust size
sage. CARA marks values from the Cometary Archive for Amateyisiripution according to Newburn & Spinrad (1985) was ap-

Astronomer of the Italian Comet Section (Sezione Comete UIA). No & : : : P
G - Pl min k in the size distribution at@wan
that all preperihelion values from CARA are from the 1996 apparition ed, assuming a pea the size distribution at/mtand a

and all postperihelion values from this reference are from the 2002 %gcrease W'th. an expon_enteB.S_. A Bond albedo of 0.2 and
parition. The triangle gives Affrom this work for the 1996 peri- a phase function according to Divine (1981) are used. We used

helion passage. The Afparameters are determined at a wavelengtf® Afo values from the LOCD for which OH production rates

of 5240 A by Storrs et al. (1992) from the flux through a continuurdf®@ measured at the same time. Other species, like CO, are ne:
filter with transmission between 4770 A and 4830 A in the LOCD anglected here. A peak dust production rate 8% 10° kg s in

at 4160 A in this work. CARA values are for various wavelengths, athid December 1982 is determined with those standard parame-
in the red wavelengths randeower panel: CN production rates from ters at 1.36 AU postperihelion. The dust production decreases
the 1982 perihelion passage (LOCD, Cochran et al. (1992)) and for {geg5 kg s* at 1.85 AU postperihelion in 1983. These values
1996 perihelion passage (triangle). Open symbols in the data by Ste{fg higher than dust production rates published previously. The
etal. (1992) and Cochran et al. (1992) mark data from nights withg{tts vimum dust production rates are 220 kg im Hanner et al.

photometric conditions. Squares give the CN production rates fr 985 : : .

) (H' or 170 kg 3 in Krishna Swamy (1991) near the maxi-
Cochran et al. (1992), corrected to a constant gas velocity of Tkm Smum c))f activit gThe higher dust rogu(ction r)ates in this work
as used in the LOCD data. Y. 9 P

may be partly caused by the large value for the maximum grain
size compared to other publications. Krishna Swamy (1991) as-
sumes a maximum grain size of only 10®. The mean dustto
water mass ratio derived from all data given by LOCD is 4.8.
The Afo parameter, as defined by AHearn et al. (1984yVith the parameters used here, BZR5 is a very dusty comet.
was determined from the longslit spectra at a wavelength Future analysis of the neck-line structure may lead to re-
of 4160 A. Near this wavelength no strong gaseous emissiditeed parameters of the dust particle properties. Large devia-
are present. To derive Af it was assumed that the cometaryions from the usual parameters will lead to significant changes
coma was rotationally symmetric. The spatial intensity pref the dust mass production rate. Furthermore, a large uncer-
file was extracted from the longslit spectra. Then, the hyptainty comes from the assumption on the active surface frac-
thetical flux through a diaphragm with a projected radjus, tion. If this fraction is larger than assumed, the maximum parti-
of 5 x 10* km was computed and used for the determinatiarie size that can be lifted from the nucleus reduces significantly
of Afp. This was done for the sunward and tailward side of thend, therefore, the dust mass production rate. Varying the ac-
longslit spectra independently to estimate the influence of ttiee fraction by 50% changes the dust mass production rates by
coma asymmetry. nearly a factor of two. In case of very high dust mass loading of

Q(CN) [1/sec]
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Fig. 4. Mean radial intensity profile for the innermost pixels of the
coma of comet 67 -G on March 27, 2003. The solid line is a fit
to the profile as used for coma subtraction. The dashed line gives a

dependency according io', wherei is the pixel number counted from
Fig. 3. Rilter image of comet 67f2-G, obtained on March 27, 2003the optocenter (for optocentér= 0).

(see Table 3). The field of view is B x 16.8', 36 min exposure time.

L0 L L

the gas flow it could also be important to take the influence of .
the dust onto the gas flow (e.g. heat transfer) into account which
was not done in our test particle approach. For these reasons, ,;
the results of our dust production rates have to be regardedas
crude estimates since the dust properties of cometB@are
only poorly known up to now.

.J structure structure ' ”\
B A
__07.03.2003

Deviation

-20

— 27.03.2003
5. Dust Coma morphology , _ __28.03.2003" Y
. . —40 - - 28.03.2003"* Y
In Fig. 3, comet 67F-G is shown on March 27, 2003. An e 31.03.2003 ]
asymmetric coma and an extended neck-line structure can -sol. ... ... . e L L ]
be seen since the Earth is very close to the comet’s orbital © 60 180 270 360

plane (29° south of the orbital plane in Fig. 3). The neck- Position Angle [deq]

line can be detected over a length of approxcafresponding Fig.5. Deviation from the mean coma intensity profile for observa-
to 7.4 x 10° km projected nucleocentric distance. tions in March, 2003. The azimuthal profiles shown are averaged be-
In order to reveal structures in the dust coma dween about6657 kmand 13314 km projected nucleocentric distance.

comet 67fC-G, a mean radial intensity profile was subtracteli"® feature at 75on March 31 is a star trace. The position angle is
from the comet images. To obtain the mean coma intensity pfggasured from North towards East, the tail position varies between
file, the comet image was transformed into polar coordinattc?% two lines during the observation periods the observation made

. . in the morning,” made in the evening of March 28, 2003.
with the optocenter as the center of the polar coordinate sys-
tem. The mean profile from all position angles was fitted and
subtracted. In Fig. 4, the mean intensity profile of the comaa$ the changing geocentric distance between the times of ob-
shown for the observation on March 27, 2003, together withsarvation. The position angle is measured from North towards
fit to the profile. The mean profile varies not accordingfo East.
wherei is distance from the optocenter in pixels, as given by In Fig. 5, an overall variation due to the coma asymmetry
the dashed line. A dependency accordingfowould be ex- is obvious. The asymmetry leads to lower intensities compared
pected in case of isotropic emission of dust from the nucleustofthe mean profile at small and high position angles and higher
a comet. intensities at intermediate angles.

In Fig. 5, the deviation of the cometary coma intensity from Two weak features of increased intensity are visible in the
the fitted mean intensity distribution is shown for the observaema marked as structure A and structure B in Fig. 5. These
tions on March 7, 27, 28 and 30. The profiles shown are avero structures appear in all of our observations at approxi-
aged in radial direction from 4 to 8 pixels from the optocent@nately the same position angles. For this reason, in addition to
on March 7 and from 5 to 9 pixels for all other dates to covetar traces having afiierent spatial direction, faint background
a similar range of projected nucleocentric distances. This cstars can be ruled out as cause of these structures. An increased
responds to projected nucleocentric distances from 6655 kmtensity in the coma at the position of structure A and B can
to 13314 km, slightly varying for the fierent dates becausealso be detected in single 2-min exposures. Thus, it is unlikely
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Fig. 7. Estimated magnitudesy,, of comet 67RC-G for three peri-
helion passages. The magnitudes were taken from th@d AT, the
German and Italian Comet section archive and are corrected for the
changing geocentric distances,

6. Summary and discussion

The CN production rate and the Aparameter derived from
longslit spectra obtained 1996 are similar to values determined
during the 1982 perihelion passage at similar heliocentric dis-
tances. Therefore, the comet’s activity does not seem to vary
strongly between recent apparitions.

Comet 67RC-C showed a strong perihelion asymme-
try. The enhanced activity postperihelion can be seen in the
CN production rates and Afvalues (see Fig. 2). The range
of heliocentric distances covered by production rates for other
species is small, but the asymmetry in activity seems to be
present also for OH, £ C; and NH in the data by LOCD and
Cochran et al. (1992).

Fig. 6. Coma of comet 67-G on March 7, 2003 (upper image) and  1he lightcurve derived from optical observations shows the
on March 28, 2003, evening (lower image) after subtraction of ts@me development of activity with heliocentric distance for
mean coma intensity. The structures A and B (see Fig. 5) are markite 1982 and the 1996 apparition. In Fig. 7, visual lightcurves
A non-linear grayscale between 10% and 60% deviation from tio¢ the 1982, 1996 and 2002 perihelion passages are shown. The
mean intensity profile is applied. North is up, East to the left. The prgymbols give magnitude estimatas;j as published by ICQ
jected direction of the Sun is marked. The images coM#n2.6' cor-  gand JAUC. Additional magnitude estimates from the German
responding to B6 x 10> km (upper image) and.a1x 10° km (lower  comet Section (VdS Fachgruppe Kometen) and Italian Comet
image) projected width, respectively. The optocenter of the comadg 1o (Sezione Comete UAI) archives are included. The data
located in the center. . L o

are corrected for changing geocentric distance. A similar de-

pendence of activity from geocentric distance can be seen for
that the structures are artefacts from image processing, e.gtihe-1982 and 1996 apparition with the maximum of activity
sulting from shifting and co-addition of the images. postperihelion.

As an example, in Fig. 6 the result after subtraction of the It was suggested previously that storage of heat in cometary
mean coma intensity is shown for the observations made ouclei can cause perihelion asymmetries in their activity.
March 7 and in the evening of March 28. Structure A and B aMevertheless, a steep increase of activity as seen fgiO6@P
marked by arrows. may not result from thisféect. Since the increase of activity oc-

The presence of coma structures could indicate the poews at the same point of the orbit in the 1982 and 1996 appari-
sence of surface areas with enhanced activity. The low acthi@n (see Fig. 7), it is unlikely that outbursts cause the higher
surface fraction was regarded as an indication for localized activity observed. The strong perihelion asymmetry may result
tive areas on the nucleus surface of 745 before (Lamy from an inclination of the rotation axis with respect to the or-
et al. 2003). However, since structure B is oriented°18@h bital plane. If the rotation axis in inclined, the illumination of
respect to the extended neck-line, this structure could also bgsaats of the surface can vary strongly along the comet’s orbit.
part of the tail structure of comet 6/RG. The sudden steep increase of activity at nearly the same point
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along the orbit in the 1982 and 1996 perihelion passage coalid further observations and proper modeling of the coma hy-
be caused by an active surface area. If an active area ondhadynamics are required to obtain better constraints.
nucleus surface is exposed to the sunlight from one point of
the comet’s orbit onwards, the total activity of the comet can
increase in a short time. This is also the case if another hel’ﬁ
sphere of the nucleus, having a less eroded surface, is expos
to the Sun on one part of the orbit. This explanation implies th&Hearn, M. F., Millis, R. L., Schleicher, D. G., Osip, D. J., & Birch,
the rotation axis of the nucleus is not perpendicular to the or-P. V. 1995, Icarus, 118, 223
bital plane. If the asymmetry is caused by active surface aredslearn, M. F., Schieicher, D. G., Millis, R. L., Feldman, P. D., &
the appearance of jet-like structures in the dust coma is Iikeléé.ozn‘:;pionl_’ 2'9;'5 1,9534’9'?’2 %%'9 579

In R-filter images of comet 67B-G, obtained in March A P S
and May 2003, tV\?O weak jet-like features could be clearly dg-OChran’ A. L., Barker, E. S., Ramseyer, T. F., & Storrs, A. D. 1992,

L S carus, 98, 151
tected. No variation of these features with time was observggline N 1981 ESA-SP 174
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and times of our observations correspond tbedent rotational Jewitt, D., & Meech, K. J. 1986, AJ, 310, 937
phases, the same visual appearance is not caused by unfd¢ighna Swamy, K. S. 1991, A&A, 241, 260
able sampling of our observations. Kurucz, R. L., Furenlid, I., Brault, J., & Testerman, L. 1984, Solar

One of these structures (structure B) could be part of theFlux Atlas from 296 to 1300 nm (Tech. rept. National Solar
neck-line structure in which case it is not expected to vary OPservatory, Sunspot, New Mexico) _
significantly within this time period. But since both structures®™ P- L TOth’ l., Weaver, H.,_Jorda, L., & Kaasalainen, M. 2003,
observed show no variation, it could also be possible that b(?_t fAAS/Division for Planetary Sciences Meeting, 35
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result from one active area on the surface being the edges o RgA, 228 546
cone resulting from an active spot on the rotating nucleus. fswburn, R. L., & Spinrad, H. 1985, AJ, 90, 2591
scenario like this was proposed before to explain similar strugsip, D. J., Schleicher, D. G., & Millis, R. L. 1992, Icarus, 98, 115
tures in the coma of comet Hale-Bopp (Sekanina & BoehnharKuer, H., Helbert, J., Arpigny, C., et al. 2003, A&A, 397, 1109
1999). This explanation allows to put constraints on the ot$chleicher, D. G. 1983, Ph.D. Thesis
entation of the rotation axis of the nucleus. Since the axisSekanina, Z., & Boehnhardt, H. 1999, Earth Moon and Planets, 78,
expected to be centered in the cone, the observed jet structuréd3
suggest an inclination of the projected rotational axis &forrs;A.D., Cochran, A. L., & Barker, E. S. 1992, Icarus, 98, 163
approximately 40 with respect to the orbital plane. Howeveryve'ler' M., Rauer, H., Knollenberg, J., Jorda, L., & Helbert, J. 2003,
at this point the orientation of the rotation axis is speculative A&A, 403, 313
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