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Abstract. While it is apparent that many comets are active b&hiron was seen to display considerable activity near aphelion
yond the canonical distance of 3 AU, few surveys of cometafat R, = 17.8-18.8 AU) using pre-discovery photographic plate
activity have been performed in this region previously. Suchimages taken between 1969-1977 (Bus étal.11998). In fact this
survey enables a more accurate determination of the proportagielion activity substantially exceeded, both in degree and du-
of comets that exhibit little or no outgassing at these distanceation, the observed activity as Chiron approached its most re-
Results are presented of CCD observations of comets in theaent perihelion passage. Such observations have important im-
gion of 3 AU < R;, < 6 AU obtained with the 1m JKT on La plications. For example if comets are active throughout their
Palma. Photometric observations of 15 comets were obtainedtire orbit it would mean that their nuclei are being contin-
7 of which displayed coma activity and 8 of which appearagbusly resurfaced. The observed diversity of nucleus colours
inactive. BVR photometry was performed on these comets (louu [1993) could be a result of this. Also if the total mass
determine dimensions, colours and outgassing rates. Althougés rate per orbit is underestimated then the total lifetimes of
40P/Vaisala 1 and 26P/Grigg-Skjellerup were not detected, wometary nuclei would tend to be overestimated.

per limits to their nuclear radii are presented. The results ob- Few studies of distant comets have been carried out in the

tained are compared with previous observations. past. Meech & Hainaut (1997) have an on-going long-term pro-
gramme to obtain CCD images of short and long period comets
Key words: techniques: photometric — comets: general over a wide range of heliocentric distances to compare activity

levels and obtain information about primordial and evolutionary
differences between comets with different dynamical histories.
The largest study of cometary activity to date was by AHearn
1. Introduction et al. (1995), but in this study onk: 3% of the observations
An understanding of the physical properties of cometary nucliéfre ata hel'locentnc'dlstanceia AU. We describe n th|s' pa-
and their size distribution is important to constrain early solBF" observations of distant Comets_ that were o_btamed in order
system models. Unfortunately cometary nuclei are extreméﬂ/'ncrease our knowledge of activity in this region.
difficult to observe. They can only be observed at large helio-
centric distances where the sublimation of surface volatiles is£0opservations and reduction
low that any photometric measurements made are dominated by
light reflected from the nucleus rather than from the dust corféD imaging of cometsinthe range 3 AUR;, <6 AU was car-
whose scattering cross-section dominates the observed fluied outbetween 24th & 31st August 1995 using the 1-m Jacobus
small heliocentric distances. Nucleus size estimates have céapteyn Telescope on the Island of La Palma. Only the first 4
tinued to decrease as more effective techniques emerge Wmtghts were photometric. Table 1 lists the observational circum-
are able to quantify the coma contamination. With the excegiances foreach cometobserved. A TER4x 1024 pixel CCD
tion of the Centaur (2060) Chiron and C/1995 O1 (Hale-Boppyas used at the f/15 cassegrain focus resulting in an image scale
modern measurements of nuclear radii range from 0.3k of 0.33 arcsec per pixel. A log of all cometary observations is
< 11.8km (Meech 1998 and references therein; Mugller 1.9disted in Table 2. Allimages were taken through one of the RGO
Hainaut et al. 1998). Harris R & V filters and the KPNO B filter. All cometary im-
From recent work it is evident that comets exhibit coma a@ges were obtained with the telescope tracking at the sidereal
tivity at larger heliocentric distances than previously believe@te with the exception of 86P/Wild 3 and 120P/Mueller 1 which

(Meech 1994). For example C/1995 O1 (Hale-Bopp) posses¥égfe differentially tracked at their respective apparent motions.
a dust coma at R= 13.1 AU (McNaught & Cass 1995). AlsoA number of observations of the standard field SA92 (Landolt

1992) in all 3 filters were taken throughout the 4 nights along
Send offprint requests t&tephen.Lowry@qub.ac.uk with bias and twilight flat field exposures for the calibration
Correspondence t&tephen.Lowry@qub.ac.uk of the images. Counts from the standard stars were measured
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Table 1. Observational geometry for all comets;, Rnd A are the an accuracy of 0.1 magnitudes. As the images of 40P/Vaisala 1
heliocentric and geocentric distances respectiveiythe phase angle. & 26P/Grigg—Skjellerup were obtained with sidereal tracking
a small correction must be applied to the limiting magnitude

Comet R [AU] AJAU] «[deg] due to trailing of the comets during the exposures (see Fig. 3
9P/Tempel 1 3.511 2.935 14.9 of Tancredi et a[. 1994). The corrected limiting magnitudes are
26P/Grigg—Skijellerup 4.772 4.496 12.0 given in Table 3. Taking these limiting magnitudes as the upper
32P/Comas-Sol 3.089 2.413 15.8 limit to the comet brightness, upper limits to their nuclear radii
40P/ Vaisala 1 6.007  5.001 11 were derived using the following expression (Russell 1916):
43P/Wolf-Harrington 4.869 4.256 10.1

69P/Taylor 4.886 3.989 6.1 22 P2 2100.4(me—m

74P§Sn¥irnova—Chernykh 4.610 3.736 7.0 ArC = 2.25 x 107 R, mA710 e Q)
79P/du Toit—Hartley 4739 4285 115 1070405

2;3“:3: gggg g:ggi 19235 where R,[AU] and A[AU] are the heliocentric and geocentric
87P/Bus 3384 2437 71 distances respectively, @F] is the geometrical cross-section
89P/Russell 2 3.041 2.406 16.7 of the nucleusing andmg are the apparent R magnitudes of
119P/Parker-Hartley 3.421 2.657 12.6 the sun and comet respectiveldr is the geometric albedo in
120P/Mueller 1 3.079 2.077 2.9 the R filter, which throughout this paper is assumed to be 4%
P/1993 K2(Helin—Lawrencg  4.696 4.003 9.8 (see Fig. 6 of Fitzsimmons et al. 1994, and references therein).

The denominator expresses the phase angle dependence of the
brightness wherea and are the phase angle and phase coeffi-
through apertures of 6.6 arcsec radii in order to conform wittent respectively. Throughout this paper a value of 0.045for
apertures used by Landadlt (1992) and converted to instrumerisaiaken from previous studies (Luu & Jewitt 1992).
magnitudes. Atmospheric extinction coefficients for the B, V,
a_nd R filters were the_n calculated fo_r eac_h of the 4 photometg_cz_ Unresolved comets
nights. For comets with only R band imaging, we found that the
uncertainty introduced when assuming a comet colour in tae 69P/Taylor, 81P/Wild 2, 43P/WelHarrington,
conversion of instrumental to apparent magnitudes was neglig2Z0P/Mueller 1, 86P/Wil 3 & 79P/du Toit-Hartley
ble. Object detection was achieved by their known motion relall images in this section were taken through the R filter. Nearby
tive to the background stars. Detection was immediate in sostars were removed from all exposures of these six comets using
cases but for others such as 43P/Wolf-Harrington several imatfes IRAF/DAOPHOT package. The average point spread func-
were shifted and then coadded to give a larger signal to noise (PSF) of the background stars was calculated and fitted to
ratio. Image processing and photometry was performed with tie contaminant stars which were then subsequently removed
IRAF/CCDRED (Massey 1997), IRAF/APPHOT (Dalvis 1989¥sing thesubstar  task. The analysis procedure was similar
& IRAF/DAOPHOT (Davis[1994) packages on the Northerfor all comets in this section. Therefore for reasons of clarity
Ireland STARLINK node. we describe just the analysis of 69P/Taylor in detail.
All exposures of the comet were shifted and coadded. The

) average airmass was used in the calculation to convert in-

3. Results and analysis strumental magnitudes to apparent magnitudes. To determine

The techniques used to analyse these data varied, depen#fgther the comet had a resolved coma the PSF for the com-
on the observed appearance of the comet. Hence we descpipgd frame was subtracted from the image of the comet. This

separately the results and analysis for the undetected, unresoRf&§ess completely removed the comet from the frame and it
and active comets. was therefore regarded as a point source. The absence of any

residual flux after PSF subtraction shows that any trailing of the

comet is negligible. Indeed this was the case for all the side-
3.1. Undetected comets really tracked unresolved comets. The apparent magnitude was
e 40P/Vaisah 1 & 26P/Grigg—Skjellerup measured and substituted into Eq. (1) to calculate the nuclear

For each cometthe corresponding images were shifted and cdagius. Both values are listed in Table 3.

ded using their known rates of motion in an attempt to reveal To quantify any coma contribution to the magnitude the
the objects by increasing the signal to noise ratio. The objef@§owing expression is applied (Jewitt & Danielson 1984):
remained undetected. Limiting magnitudes were determined

by adding artificial stars at certain positions to the individu@hcoma = £(r) — 2.5 log(2mr?) (2)
frames. The frames were then blinked to simulate the motion of

the comet between frames. The magnitude of the artificial starBerem. . is the integrated magnitude of the assumed steady
were gradually decreased until they were no longer detectalsigte coma within a circular aperture of raditjarcsec] and

by visual inspection, against the background noise. This itefagr)[mag.hrcsec?] is the measured brightness-affo calculate
tive process eventually determined limiting magnitudes downam upper limit for>(r) the following approach is used. For faint
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Table 2.B, V, & R filter observations for all comets. All images were obtained with the telescope tracking at the sidereal rate unless otherwise
stated.

Comet Date UT (start Filter Airmass Exposure Extinction Colour
of exposure) time [s] coefficient coefficient
9P/Tempel 1 1995 Aug. 27.108 R 1.426 600 0.091 4+ 0.007 0.013 £0.012
27.133 R 1.278 600
27.158 \Y, 1.184 600 0.116 +0.014  0.007 £0.015
27.167 B 1.159 600 0.231 £0.016 —0.053 £0.015
26P/Grigg—Skijellerup 1995 Aug. 28.147 R 1.323 900 0.095+0.019 —0.026+0.012
28.174 R 1.187 900
32P/Comas-Sola 1995 Aug. 25.069 R 1.795 600 0.086 £ 0.005 0.016 £ 0.09
25.085 \Y, 1.604 600  0.021£+0.006  0.007 +0.011
25.094 B 1521 600 0.201+0.100 —0.056 £ 0.017
40P/ Vaisala 1 1995 Aug. 24,932 R 1.869 300 0.086 4+ 0.005 0.011 £0.016
24.956 R 1.649 300
24.980 R 1.516 300
43P/Wolf—Harrington 1995 Aug. 24.906 R 1.346 600 0.086+0.005 0.011+£0.016
24.940 R 1.423 600
69P/Taylor 1995 Aug. 26.950 R 1.874 300 0.091+0.007 0.013+0.012
26.970 R 1.840 300
74P/Smirnova-Chernykh 1995 Aug. 25.975 R 1.754 300 0.078 £0.011  0.009 4+ 0.014
25.988 R 1.779 300
25.994 \Y, 1.795 300 0.1234+0.011 —0.013 £0.011
26.000 B 1.815 300 0.1854+0.017 —0.058+0.014
79P/du Toit—Hartley 1995 Aug. 25.150 R 1.130 900 0.086+£0.005 0.011£0.016
25.194 R 1.037 900
81P/Wild 2 1995 Aug. 26.197 R 1.075 900 0.078 +£0.011  0.009 £ 0.014
26.224 R 1.045 900
86P/Wild af 1995 Aug. 28.116 R 1.517 900 0.095+0.019 —0.026 £0.012
28.131 R 1.498 900
87P/Bus 1995 Aug. 24919 R 1.550 300 0.086+0.005 0.011£0.016
24.949 R 1.442 300
24.998 R 1.408 300
25.010 \Y, 1.430 300 0.121£0.006  0.007 £0.011
25.017 \Y, 1.445 300
89P/Russell 2 1995 Aug. 26.085 R 1.520 900 0.078 £0.011  0.009+0.014
26.151 R 1.165 900
26.183 \% 1.105 900 0.123 £0.011 —0.013 £0.011
119P/ParkerHartley 1995 Aug. 25.026 \Y 1.546 600 0.121+0.006  0.007 £ 0.011
25.035 R 1.458 600 0.086 £0.005  0.0114+0.016
25.044 B 1.384 600 0.201 £0.100 —0.056 £0.017
120P/Mueller 1f 1995 Aug. 28.008 R 1.474 300 0.095+0.019 —0.026+0.012
28.019 R 1.429 600
28.031 R 1.391 600
P/1993 K2 (Helin-Lawrence) 1995 Aug. 25.079 R 1.555 300 0.086 +0.005 0.011+0.016
25.105 R 1.374 600
25.127 B 1.273 600  0.201 £0.100 —0.056 +0.017
25.174 B 1.171 600
25.137 Y, 1.241 600 0.121+0.006  0.007 £ 0.011
25.183 \Y, 1.165 600

t Differentially tracked

objects the signal to noise ratio (S/N) is given by the usuaperturef is the exposure time andis the standard deviation

formula: of the background noise. By assuming that S/N should be at
It least 2 for the comet to be detectﬂolthen a minimum value

Jn.o for the brightnesafcsec? can be obtained and substituted for

wheren is the number of pixels within the aperturkjs the ! The choice of 2 for S/N was shown to be appropriate by Hainaut
total measured intensity [ADU’s/sec] of the object within thet al. (1994).

S/N =
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Table 3.R magnitude and radii estimates for the inactive comets. Lower limitsifgr.., the steady state coma magnitude, are derived using
Eq. (2).

Comet R Magnitude Radiy&m| Mcoma Afp [cm] based
ON Mcoma

40P/Vaisala 1 21.740.17 <3.640.2 — -
26P/Grigg—Skijellerup 23.740.17 <1.240.1 — =
69P/Taylor 21.0£04 3.6 £0.7 >21.84 <13.6
81P/Wild 2 22.3£0.3 2.04+0.3 > 21.86 <121
43P/Wolf-Harrington 21.4+0.5 3.3+0.7 >21.48 <284
120P/Mueller 1 20.3+£0.2 1.5+0.2 > 20.76 <9.1
86P/Wild 3 21.7+£0.3 1.1£0.2 >22.01 <4.0
79P/du Toit—Hartley 23.3+0.4 1.44+0.3 > 21.55 <216

1 Limiting magnitudes

Table 4.B,V & R magnitudes for the active comets.

Comet B \% R B-V V—-R
119P/ParkerHartley 18.74+£0.10 17.924+0.06 17.40+0.05 0.82+£0.12  0.52£0.08
32P/Comas-Sola 19.25 £0.10 18.43+£0.06 17.86+0.06 0.82+0.12  0.57£0.08
74P/Smirnova-Chernykh 18.79£0.14 17.80£0.08 17.36+0.06 0.99+£0.16 0.44=£0.10
P/1993 K2(Helin—Lawrencg 20.29 +£0.12 19.94+0.09 19.174+0.08 0.35+0.15 0.77£0.12
9P/Tempel 1 20.64£0.21 20.18+0.18 19.81£0.12 0.46=£0.28 0.37+0.22
89P/Russell 2 — 20.70 £0.24 19.82+0.13 — 0.88 £0.27
87P/Bus — 19.75+£0.14 19.86 £ 0.16 — —0.11+0.21

3(r) in Eq. (2).r is taken to be the point where the PSF for thimg error in the telescope. Although identification was possible,
combined frames becomes negligible i.e~aR% of its peak by its known rate of motion, only the first frame could be used
intensity. Applying this to 69P/Taylor yields..om, > 21.84. for the photometry. Its apparent magnitude was 2384 cor-
The measured total magnitude wAs0 + 0.4. From this it can responding to a nucleus radius of H40.3km. mcoma Was
be said that the nucleus significantly dominates the obsenaadculated to be> 21.55. Comparison of this value with the
flux. measured apparent magnitude again shows that the dominant

This same procedure was repeated for all exposuresflok source is uncertain.
81P/Wild 2 and 43P/Wolf-Harrington. Unfortunately in the case
of 86P/Wild3 a_nd 120I_3/Mueller 1 background stars were trall%(_j3_ Active comets
therefore a slightly different method is used to compare the
PSF of the background stars with the cometary profiles. Im this section the results and analysis for each comet shall
stead, the scaled profiles of the round ends of fairly bright stellae discussed separately and in more detail than the unresolved
trails were measured and compared directly with those of tbemets of the previous section. Again the analysis procedures
comets. The cometary profiles of 86P/Wild3 and 120P/Muellgsed are similar for each comet. Therefore only the case of
1 were identical within measurement errors to the scaled stél9P/Parker-Hartley will be discussed fully.
lar profiles considering the faintness of each comet and the
rms sc_atter of the sky background in each of the exposurgs; 4 119P/ParkerHartley
86P/Wild3 and 120P/Mueller 1 were therefore considered as
point sources. The apparent magnitude of 120P/Mueller 1 wa@se image in each of the B, V, and R filters was taken of
20.3 £+ 0.2 which corresponds to a nuclear radius of £5 119P/Parker-Hartley, each with an exposure time of 600s. An
0.2 km. Alsom.coma > 20.76, indicating that the nucleus domi-extensive dust coma was present. In the R frame the dust tail
nates the observed flux and therefore the nuclear radius estinextended~ 20 arcsec, illustrating the degree of activity pos-
for this comet is close to the real value. The measured appargihte for short period comets at 3.42 AU. For all exposures of
magnitudes, nuclear radii estimates ang,..., for 43P/Wolf- the active comets discussed in this section nearby stars and cos-
Harrington, 81P/Wild 2 and 86P/Wild 3 are listed in Table 3. Anic rays were removed. B, V and R magnitudes were measured
comparison ofn..ma to the measured apparent magnitudes féhrough apertures of radius 8.6 arcsec and are listed in Table 4.
these three comets shows that the dominant flux source remainsTo measure the relative dust production rate the quantity
uncertain. Afpis used, first defined by AHearn et &l. (1984)fp is an

Of the two images of 79P/du Toit-Hartley obtained, theperture independent quantity which is roughly proportional to
comet was only partly visible on the 2nd frame due to a poirthe dust production rate of a comet assuming equal size distri-
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Table 5. A fp values for the active comets. The followiadf p radius values are equivalent at the heliocentric distances of each comet listed in

Table 1.
Comet Afplcm| Afp radius R Magnitude Mecoma Profile gradient
[arcsec] withinA fpradius  withinAfp radius  withinA fp radius
119P/ParkerHartley 74.7+ 3.0 6.0 17.58 +0.04 18.15 4+ 1.35 —1.84 +0.731
32P/Comas-Sola 38.6 £2.0 6.6 17.86 + 0.06 18.65 4+ 1.80 —1.59 £ 0.591
74P/Smirnova-Chernykh 228.8+11.4 4.3 17.75 £ 0.05 17.97 £ 0.64 —1.49 £0.07
P/1993 K2 (Helin—Lawrence 56.4 £+ 3.6 4.0 19.46 4+ 0.07 20.36 £ 1.63 —1.60 +0.12
9P/Tempel 1 120+ 1.0 54 19.84 +0.10 20.57 £ 1.49 —2.01+0.57"
89P/Russell 2 59405 6.6 19.86 +0.12 21.79 £ 3.62 —1.30 £ 0.06
87P/Bus 74+1.1 6.5 19.88 = 0.16 20.52 £2.01 —1.34+0.12

* Calculated by applying a least squares fit to the data points withid fheradii of the cometary profiles of Fig. 1 Weighted least squares fit

Table 6. Preliminary and refined nuclear radii upper limit estimates for the active comets. See text.

Comet R Magnitude Corresponding R Magnitude of Corresponding refined
within 9 upper limit to scaled PSF upper limit to
pixel radius  nuclear radjkm| nuclear radijkm]|
119P/ParkerHartley 17.97 £ 0.04 74+£0.2 19.31 £ 0.28 4.0£0.6
32P/Comas-Sola 18.29 + 0.04 5.0+0.1 19.48 £ 0.26 3.2£04
74P/Smirnova-Chernykh 18.07 £ 0.05 1224+0.3 19.244+0.31 71+1.1
P/1993 K2(Helin—Lawrencg 19.67 + 0.06 6.7+0.2 21.23 £0.51 3.3£09
9P/Tempel 1 20.15+0.07 3.2£0.1 20.87£0.45 23£05
89P/Russell 2 20.46 + 0.09 20+£0.1 21.41£047 1.3+0.3
87P/Bus 20.52 +0.12 1.9+£0.1 2221 £1.07 0.9=£0.5

butions of particles in the comal fp [cm] can be determined steeper gradient takes into account the effects of radiation pres-
from the observations using: sure (Jewitt & Meech 1987). The vertical line is th¢p radius.
) Applying a weighted least squares fit to the data points within
(2ARp)?Feomet (4) theAfp radius gives a value of1.84 + 0.73 for the slope of

pE the profile. Therefore a steady state coma model can be applied
this comet and the abovkfp value is feasible. Table 5 lists

Afp=

where A is the geometric albedo of the cometary dust grainﬁ, ) : .
the filling factor f is the total cross section of the grains in th € proﬁle gradients of all the aCt.IVG comgts. i

field of view, p [cm] is the radius of the field of viewg,[aU]  Unlike the comets of the previous section the quarity)
andA[cm] are the heliocentric and geocentric distances respé’é-Eq' (2) can be evalqated for 119P/Parker-Hartley. As the
tively. Foomei! Fl i the ratio ofthe cometary and solar flux atthéurface brightness profile of 119P/Parker-Hartley can be rep-
observed wavelength. A value fprof 1.15 x 10? cm was used resented by a steady state coma model Eq. (2) can be applied

for all comets discussed in this section and determines the tt%_119P/Pa_rker—Hartley 10 gV@coma = 18'15 + 1'?’5 ywthm
dius of the photometric aperture used in derivingdgfp value. theAfp radius. The total apparent R magnltudewlthlnmﬁo

By measuring the R band magnitude within this radius the rigigdius Wasl7.58 = 0.04 and any nucleus contribution to the
hand side of Eq. (4) can be evaluated to yieldgfip value for caiculateddfpvalue is negligible. _

the comet. The R magnitude measured through an aperture of 10 derive an upper limitto the nuclear radius of 119P/Parker-

radius 6 arcsec was.58 + 0.04 which corresponds to aafp Hartley, it i:'s not de;iraple to use a large aperture due to the
value of74.7 + 3.0 cm (also listed in Table 5). overwhelming contribution from the dust coma. The apparent

It should be noted that the quantityf » is not strictly ap- magnitude was hence measured through a circular aperture of

plicable to a non steady-state coma, therefore whether or Fﬁ)qm_sb?’ _arcsecc.l This raldlgs V\ﬁ’slfsl ch]?sen trt]) mlnlrlmse the r(:oma
the coma brightness can be represented by a steady-state cgfy'Pution and yet include all flux from the nucleus, as here

model must be determined. Hence the surface brightness protﬁ% intensity of the PSF becomes ”eg”gi?'e- An R magn-itulde
was calculated by measuring the flux from the comet within'& U€ Of17.97£0.04 was found corresponding to an upper limit

series of circular annuli 1-4 pixels wide extending from 2—4 the nuglear radius gf.4 £ 0.2km. As a way of refining this
pixels. The resulting plot of surface brightness [mag./aﬂseé‘ppe”'m'“he PSFfortheframe was scaled and subtracted from
vs. logg)[arcsec] is dependent on the state of the coma (jeLQP/Parker-Hartley. The residual flux was measured and sub-
witt[1991). Fig. 1a shows the surface brightness profile plot Bcted from the total flux from the comet to calculate the mag-
119P/Parker-Hartley. The two solid diagonal lines, with grao‘?—'tUde of the scaled PSF. The PSF magnitude for 119P/Parker-

ents of—1 and—1.5 represent steady state coma models. Tli]-gartley wasl19.31 + 0.28 corresponding to an upper limit of
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4.0 £+ 0.6 km. Although the error in this new value is signifi-magnitude, as described for 119P/Parker-Hartley, Wa&s +
cantly larger the upper limit itself has been reduced-b§6%. 0.26 reducing the upper limit t8.2 + 0.4 km.
Both the preliminary and refined upper limits to the nuclear

radius are listed in Table 6. 3.3.3. 74P/SmirnovaChernykh

’ 4 images were taken of 74P/Smirnova-Chernykh, 2 with the R
3.3.2. 32P/ComasSok filter and 1 in each of the B, and V filters. Each had an expo-
As in the case of 119P/Parker-Hartley only one image in eastire time of 300s. The R frames were shifted and coadded to
of the B, V, and R filters was taken, each with exposure timgs/e a combined image with an effective exposure time of 600s.
of 600s. In the R frame the dust tail extended0 arcsec. B, V, 74P/Smirnova-Chernykh was by far the most active comet con-
and R magnitudes for 32P/Comas-&ulere measured throughsidered here. Even at a heliocentric distance of 4.61 AU a dust
apertures of radius 6.6 arcsec and are listed in Table 4. Theda extending- 8.3 arcsec was observed in the R frame. The
magnitude within a 6.6 arcsec radius aperture Wa&6 + 0.06 B, V and R magnitudes for 74P/Smirnova-Chernykh were mea-
which correspondsto atif p value 0f38.6+2.0 cm. The surface sured through an aperture of radius 8.3 arcsec and are listed in
brightness profile was calculated by measuring the flux fromable 4. The R magnitude within an aperture of 4.3 arcsec radius
the comet through a series of circular annuli 1-4 pixels wideas17.75+0.05 which gives am f p value 0f228.8+11.4cm.
extending from 2—40 pixels. The surface brightness profile fdhe surface brightness profile was calculated by measuring the
32P/Comas-Sal is shown in Fig. 1b. A steady state coma iux from the comet through a series of circular annuli 1-2 pix-
assumed for this comet amd....,. = 18.65 + 1.80 within the els wide extending from 2—30 pixels (Fig. 1c). This plot shows
Afp radius. Therefore the dust coma dominates the obserthdt a steady state coma model is viable for this comet. There-
flux within the A f p radius. The R magnitude, measured througbre using Eq. (2) we find a modelled coma magnitudg,,.,

a 9 pixel radius aperture, wa8.29+0.04. Corresponding to an of 17.97 & 0.64 within the A fp radius. Comparison with the
upper limit to the nuclear radius 8f5+ 0.1 km. The scaled PSF observed magnitude shows that the dust coma dominates the
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Afp measurement. The R magnitude measured through avifle extending from 2—30 pixels (see Fig. 1f). A steady state
pixel radius aperture wak3.07 + 0.05 giving an upper limit coma is assumed for 89P/Russell 2 angd,,, = 21.79 £ 3.62

of 12.2 + 0.3 km for the nuclear radius. The R magnitude ofvithin the A f p radius. Although 89P/Russell 2 is nearly a point
the scaled PSF wa®).24 + 0.31 reducing the upper limit of source the large uncertainty in...,. suggests the dust coma
74P/Smirnova-Chernykh to1 4+ 1.1 km. could dominate the observed flux. The R magnitude measured
within a 9 pixel radius aperture wag.46+0.09 giving an upper

limit of 2.0 = 0.1 km for the nucleus radius. The R magnitude
of the scaled PSF wad .41 4+ 0.47 reducing the upper limit to

2 images in each of the B, V, and R filters was taken of Helin-3 + 0.3 km.

Lawrence. All images with a common filter type were shifted

and coadded to produce single B, V, and R images of Helip-

Lawrence. The dust tail of Helin-Lawrence extended out It§(|3'3'7' 87P/Bus

14 arcsec in the R image. B, V, and R magnitudes measuf&dilar to 89P/Russell 2 only R and V images were taken of
through apertures of radius 6 arcsec are listed in Table 4. T/8¥P/Bus, but the exposure times here were 300s. Each image
R magnitude measured through an aperture of 4 arcsec wadth a common filter type was shifted and coadded to give single
19.46 £ 0.07 giving an A fp value of56.4 + 3.6cm. The sur- RandVimages. Eveninthe coadded R image the cometwas ex-
face brightness profile was calculated by measuring the firrmely faint. R and V magnitudes measured through apertures
from Helin-Lawrence through a series of circular annuli 1-@f radius 6.9 arcsec are listed in Table 4. The R magnitude mea-
pixels wide extending from 2—30 pixels (Fig. 1d). A steady staseired through an aperture of 6.5 arcsec Wa88 + 0.66 giving
comais assumed amd..,, = 20.36 +1.63. The R magnitude anAfpvalue of7.4+1.1 cm. The surface brightness profile was
measured throdga 9 pixel radius wa$9.67+0.06 correspond- calculated using the same procedure used for 89P/Bus (Fig. 19).
ing to an upper limit o6.7+ 0.2 km for the nucleus radius. TheA steady state coma is assumed angd,,, = 20.52 £+ 2.01

R magnitude of the scaled PSF w&is23 £+ 0.51 reducing the within the A fp radius. Therefore the dust coma dominates the
upper limit to3.3 4+ 0.9 km. observed flux. The R magnitude measured with® pixel radius
aperture wag0.52 +0.12 giving an upper limit ofi.9 +0.1 km

for the nucleus radius. The R magnitude of the scaled PSF was
22.21 £ 1.07 reducing the upper limit t6.9 4+ 0.5 km.

As in the case of 74P/Smirnova-Chernykh 4 images were taken

of 9P/Tempel 1, 2 with the R filter and 1 in each of the B and V

filters. The R frames were shifted and coadded. In each of the/B Discussion

V, and R frames 9P/Tempel 1 was almost stellar in appearanﬁlc/(i. Nuclear radii estimates
Only PSF subtraction revealed any sign of a faint coma. B, V,™*

and R magnitudes measured through an aperture of radiush@ nuclear radii estimates for the inactive comets listed in
arcsec are listed in Table 4. The R magnitude measured throgghle 3 may well be extremely close to the actual vaises

an aperture of radius 5.4 arcsec wi@s84 + 0.10 giving an no evidence for activity was found. Strictly speaking however,
Afpvalue of12.0 £ 1.0 cm. The surface brightness profile washe majority could be upper limits as the presence of an unre-
calculated using the same procedure used for 74P/Smirnos@lved faint coma cannot be ruled out when one considers that
Chernykh and Helin-Lawrence (Fig. 1@)coma = 20.57+1.49  these comets were observed at heliocentric distances within the
within the A fp radius. The R magnitude measured within a @ater sublimation region. Also the CLICC Atlas of Cometary
pixel radius aperture wa20.15 + 0.07 giving an upper limit Lightcurves (Kangl[1992) shows that at these distances most
of 3.2 & 0.1km for the nucleus radius. The R magnitude afometary lightcurves do not correspond to those of point source
the scaled PSF wa).87 £ 0.45 reducing the upper limit to objects of constant scattering cross—section (i.e. inert cometary

3.3.4. P/1993 K2 (HelirLawrence)

3.3.5. 9P/Tempel 1

2.3+ 0.5km. nuclei). For the active comets listed in Table 6, the upper limits
derived for the cometary nuclei without using the PSF subtrac-
3.3.6. 89P/Russell 2 tion technique discussed in Sect. 3.3.1 may be regarded as firm.

For the smaller upper limits obtained using PSF subtraction, in
Only V and R filter images were taken of 89P/Russell 2, eagbme cases thesipper limit is the same as or exceeds the more
with exposure times of 900s. &I2 R filter images were shiftedsimple analyses. More realistic modelling might be achieved by
and coadded to give a single image with an effective exposushvolving the PSF with a steady state coma model and adjust-
time of 1800s. Similar to the case of 9P/Tempel 1, PSF subtrmg it to the data (Lamy & Toth et al. 1995), but unfortunately
tion revealed a faint coma around the comet and R and V ma@he successful requires a higher signal to noise ratio than was
nitudes measured through circular apertures of radius 7.3 arcgesilable to us. We note that the nuclear radii estimates listed in
are listed in Table 4. The R magnitude measured through an ageibles 3 & 6 aretypical for Jupiter family comets. The nuclear
ture of radius 6.6 arcsec wa8.86 +0.12 giving anA fp value radii estimates derived in this paper significantly increase the
of 5.94+0.5 cm. The surface brightness profile was calculated by
measuring the flux within a series of circular annuli 1-3 pixels: Assuming an albedo of 0.04.
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number of such estimates for short period comets publishecetoor. In our observations 9P/Tempel 1 displayed coma activ-
date. A more statistically useful sample is therefore obtainedty and therefore its nuclear radius upper limit was obtained by
Column 3 of Table 7 lists previously measured nuclear radiie method described in Sect. 3.3.1. The agreement with Lamy
estimates and lower limits along with lower limits derived in thif1998) shows that the method of refining the nuclear radii upper
paper using published4® production rates and active nuclealimits mentioned in Sect. 3.3.1 can be effective in achieving a
areas. The lower limit estimates for 9P/Tempel 1 and 81P/Wild&dius value extremely close to the actual value.
stated in Osip et al. (1992) were derived by assuming a spherical
nucleus and 100% of the surface area of the nucleus is actjv - ;
to produce the measured OH production rates. For 87P/Bﬁ‘s§,' Fractional active area
74P/Smirnova-Chernykh, 69P/Taylor and 43P/Wolf-Harringtorhe lower limits to the nuclear radii listed in Column 3 of Ta-
the amount of active area required to produce the measubdel 7 were used to derive lower limits to the percentage of
OH production rates given in AHearn et &l. (1995) were useattive nucleus areaF|) at the time the observations of previ-
to derive lower limits to their nuclear radii. Again a sphericadus studies were taken. Taking 9P/Tempel 1 as an example,
nucleus and 100% active surface area is assumed. A valuaddwer limit of > 1.25 km for the nucleus radius was found
0.46 knt for the amount of active area normal to the sun at 205y Osip et al.[(1992). As mentioned earlier this previous value
required to produce the observed water (Newburn & Spinrads originally derived from the amount of active area required
1989) was used to calculate a lower limit to the nuclear radites produce the measured OH production rates. The amount
of 86P/Wild 3. A spherical nucleus is assumed but this tingd active area is compared to the maximum nucleus surface
100% of the area normal to the sun is assumed to be active. &m®a possible derived from our value ¢f 2.3 + 0.5 km for
26P/Grigg-Skjellerup a lower limit of 0.38 km was derived the nuclear radius. By assuming a spherical nucleus a lower
using the published ¥D production rate (Jockers et al. 1993timit for F' of > 19.9% is derived. Similarly theF' values
Johnstone et al._1903). The amount of active area requiredao 81P/Wild 2, 86P/Wild 3, 26P/Grigg-Skjellerup, 87P/Bus,
produce the measured;B at a heliocentric distance of 1.0174P/Smirnova-Chernykh, 69P/Taylor and 43P/Wolf-Harrington
AU was calculated using a Sublimating Nucleus Model basgdre also calculated and are given in Table 7. The values ob-
on the equations of Meech et al. (1986). By assuming a spheriahed for 9P/Tempel 1, 81P/Wild 2 and 87P/Bus are unusually
nucleus and the entire surface is active the lower limit value wiaigh compared with the distribution of percentage active areas
reached. presented if Fig. 6 of AHearn et al. (1995). Of the comets stud-
The lower limits listed in Table 7 derived by these methied by AHearn et al. the percentage of active areas ranged from
ods are less than, or as in the case of 87P/Bus equal to, eul—16.5% for periodic comets. It is therefore apparent that es-
estimates. A value of 2.8 0.3 km for the radius of 81P/Wild timates of fractional active areas are continuing to increase as
2 is in excellent agreement with the previous value of 2.0 kmore nuclear radii estimates emerge.
(Meech 1998). However, the radius estimates for 86P/Wild 3 &
26P/(_3rigg-SkjeIIergp of .+ 0.2km and< 1.2+ Q.l km re- 43 Afp measurements
spectively are considerably smaller than the previous estimates
of 3.10km & 2.9km (Meech 1998). Recently the nucleus dtoughly 50% of the comets observed here displayed coma ac-
9P/Tempel 1 was detected with the Hubble Space Telescopévitly. This is a significantly large fraction for comets in the
a heliocentric range of 4.48 AU (Lany 1998). The nucleus keliocentric range of 3 A R;, < 6 AU even with a sample of
elongated with semi-axes = 3.9km andb = 2.8km (for an just 15 comets. Fig. 2 illustrates the difference in activity for 2
assumed albedo of 4%). This is in excellent agreement with thighese 15 comets at similar heliocentric distances. Fig. 3 is plot
value obtained here &f 2.3 + 0.5 km within the measurement of the A f p values given in Table 5 vs. heliocentric distance. The
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Table 7. Comparison of nuclear radii estimates with previous values.

Comet Nuclear radii ~ Previous valiéem] Ref. F[%] R, [AU]
[km]
9P/Tempel 1 <23%0.5 >1.25 2 >19.9 1.52-2.05
81P/Wild 2 2.0+0.3 >1.25 2 >29.5 1.49-2.62
2.00 3
86P/Wild 3 1.1£0.2 3.10 3
>0.38 4 >85 2.41
26P/Grigg—Skjellerup <1.240.1 2.90 3
>0.35 6,7 >7.3 1.01
32P/Comas-Soka <3.2404 0.99° 5
1.15¢ 5
87P/Bus <0.94+0.5 >0.90 1 >41.3 3.15
74P/Smirnova-Chernykh < 7.1 +1.1 >1.70 1 >4.3 3.56
69P/Taylor 3.6 0.7 >0.25 1 >0.3 1.96
43P/Wolf —Harrington 3.3+0.7 >0.42 1 >1.1 1.82

< The lower limits are either directly given, or based on other information, in the respective references. Segextinimum percentage of
active nucleus area at the time of previous measurempgts; Equatorial & Polar radii respectively. Based on nucleus precession model by
Whipple & Sekanina (I979References]1] AHearn et al. (1995), [2] Osip et al. {1992), [3] Meec¢h (1998), [4] Newburn & Spinrad (1989),
[5] Sekaninal(1985), [6] Johnstone et al. (1993), [7] Jockers et al. {1993)

Table 8. Comparison ofA f p values with previous values listed in AHearn et al. (1995).

Comet Afp[cm]| R[AU] PreviousAfp R[AU]
value[cm|

9P/Tempel 1 12.0+ 1.0 3.51f 263.0 1.52-2.05

74P/Smirnova-Chernykh  228.8 +11.4  4.61% 602.6 3.56*

87P/Bus T4+ 1.1 3.38* 16.2 2.231
251.2 3.154

81P/Wild 2 <121 4.251 169.8 2.231

43P/Wolf—Harrington <284 4.87% 131.8 1.821

T Pre-perihelionx At perihelion,t Post-perihelion

1000 . .
plot reveals that many comets may maintain lafgé values

outto 5 AU. Any nucleus contribution to th&f p values for the
o active comets is considered negligible after comparison of the
R magnitudes measured within thef p radii with (a) the de-
rivedmeom, measurement for each comet within thé¢p radii,
and (b) the scaled PSF R band magnitudes listed in Table 6.
o Taking 74P/Smirnova-Chernykh as an example, its scaled PSF
R magnitude wa$9.24 + 0.31 and the R magnitude measured
within the A f p radius wad 7.75 + 0.05. Therefore a maximum
of ~ 20% of the total flux within thed f p radius could be due to
the nucleus. As an unresolved coma may indeed be present for
the comets of Sect.2 Fig. 3 also includes upper limits to their
N dust production rates using the... values listed in Table 3.

3.0 3.5 40 4.5 so  Although some of thesd fp upper limits are quite high they

(Heliocentric distance) [AU] . . ..
can only be regarded as evidence for possible activity as the flux

Fig. 3.Aplotof A f p[cm] vs. Heliocentric distance [AU] for the cometsobserved from the comets of SexR could be due to the bare
of Sect3.2 (open circles) &3.3 (filled circles). The open circles are nyclei only.
upper limits. Table 8 compares the presehf p values with those listed in
AHearn et al.[[1995) derived at different heliocentric distances.
9P/Tempel 1 shows adramatic decrease indust production over a
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changein R of ~ 1.73 AU. 74P/Smirnova-Chernykh undergoeso correlation of dust colour with heliocentric distance, phase
a shallower rate of change of dust production with heliocentr@amgle orA f p value was found. The lack of correlation of colour
distance which is typical of dynamically new comets (A'Hearwith heliocentric distance is consistent with previous studies by
et al. 1995). If 74P/Smirnova-Chernykh was a recent arrival dewitt & Meech|(1986) and Jewitt & Meech (1988).
the inner solar system, compared to most other Jupiter family
comets, this might explain how it can maintain its high degr%e
of activity throughout its orbit given the high mass loss rate due
to continuous sublimation of surface volatiles. 74P/Smirnova@he nuclear radii estimates derived here for an assumed albedo
Chernykh also displays the highest degree of activity observef.04 range from 0.9 ry < 7.1 km, which is typical for previ-
by us with anA fp value228.8 &= 11.4cm at 4.61 AU. With an ously observed short period comets. After comparison of these
aphelion distance of 4.81 AU it is apparent that this comet probstimates with previous observations it was possible to derive
ably remains highly active throughout its entire orbit. Anothdewer limits to the fraction of active area at the time the previous
candidate for continuous substantial outgassing throughout theservations were taken. Unusually high values df9.9%,>
orbitis P/Helin-Lawrence with an aphelion distance of 5.85 Al29.5% and> 41.3% were found for 9P/Tempel 1, 81P/Wild 2
A reasonably highd fp measurement df6.4 &= 3.6cm (at R, and 87P/Bus respectively. The other lower limits derived ranged
= 4.69 AU) was obtained. from 0.3-8.5%. Roughly 50% of the comets observed displayed
An Afpvalue of7.4+ 1.1 cm was measured for 87P/Bus aactivity, with A f p values ranging from 5.9-228.8 cm. In certain
a post-perihelion distance of 3.38 AW.f p measurements for cases such as 74P/Smirnova-Chernykhthe observed activity was
previous apparitions were 16.2 cm at a pre-perihelion distancesobstantial and probably continuous throughout its entire orbit.
2.23 AU and 251.2 cm at a post-perihelion distance of 3.15 AGomparison of previoud f p values with those derived here for
AHearn et al. (1995) found that for the majority of comets th87P/Bus reveal that the production of dust as a function of po-
production of dust as a function of position in an orbit remairstion in its orbit is not the same from one orbit to the next. No
the same from one orbit to the next, but this is clearly not tleerrelation of dust colour with heliocentric distance was found,
case for 87P/Bus. The post-perihelidif p values measured onwhich is consistent with previous studies.
different orbital passages are extremely different even though
the comet is in approximately the same orbital position in eafffknowledgementsThe Jacobus Kapteyn Telescope is operated on
case. The post-perihelion dust production rate,atf3.15-3.38 the island of La Palma by the Royal Greenwich Observatory at the

. - . anish Observatorio del Roque de los Muchachos of the Instituto de
AU has decreased dramatically with each new orbital passaﬁgt'roﬁsica de Canarias. The authors would like to thank the referee
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occurred, the previous high post-perihelion activity may haygs; graft of this paper. Financial assistance from DENI is gratefully
been due to an outburstonthe surface ofthe nucleus. Fdlfre acknowledged.

measurements are necessary to further understand the erratic

behaviour of 87P/Bus. Finally, we note that 81P/Wild 2 and
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D.T., 1984, AJ 89, 579

AHearn M.F., MillisR.L., SchleicherD.G., Osip D.J., Birch P.V., 1995,
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that the dust comae of 119P/Parker-Hartley, 32P/C0ma’s,—S&aViS L.E., 1989, A Re_ference Guide to the IRAF/APPHOT Package.
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