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ABSTRACT

Context. Both, C/2001 Q4 and C/2002 T7, are widely regarded in the literature as dynamically new comets that are visiting our
planetary system for the first time from the Oort Cloud.
Aims. We study the past dynamical evolution of these two bright comets that both have an original semimajor axis inside the so-called
Oort spike (i.e. with 1/aori < 10−4 AU−1 ).
Methods. For each comet, we constructed a dedicated grid of independent, starting, osculating swarms of 5000 orbits based on different subsets of positional data and diﬀerent dependences of the non-gravitational acceleration on the heliocentric distance. We then
followed numerically each swarm of non-gravitational orbits one orbital revolution into the past, taking into account both planetary
and Galactic perturbations and checking for all known stellar perturbers. This method allows us to obtain the orbital elements and
their uncertainties at the previous perihelion passage.
Results. We find that the dedicated g(r)-like function seems to be more adequate for describing the non-gravitational eﬀects than
the standard g(r)-function in the motion of both comets, but we are able to estimate only two parameters: the scale distance r0 , and
the exponent m. We show, however, that the greatest change in the previous perihelion value relative to that obtained in the standard
approach results from the type of data subset used for non-gravitational orbit determination. The form of the dependence of nongravitational acceleration on heliocentric distance is of secondary importance for both investigated comets in this context. We find
that only comet C/2002 T7 passed far beyond the planetary system during its previous perihelion passage and that C/2001 Q4 was
probably well inside the Saturn orbit at a previous perihelion.
Conclusions. We argue that for these comets (which have long sequences of positional data), the safest method for the previous
perihelion determination is to exclude data within time intervals where some local outbursts were reported. We recommend that the
non-gravitational models based on data taken at larger perihelion distance are more appropriate for estimating the distance of previous
perihelion passage of C/2001 Q4 and those based on a pre-perihelion data set for previous perihelion estimation of C/2002 T7. These
models suggest that C/2001 Q4 passed its previous perihelion closer than 6–7 AU from the Sun, so is dynamically old, whereas
C/2002 T7 at a distance larger than 400 AU, is a dynamically new comet since it overcame the Jupiter-Saturn barrier.
Key words. comets: general – comets: individual: C/2001 Q4 – comets: individual: C/2002 T7 – Oort Cloud

1. Introduction
Comets C/2001 Q4 NEAT and C/2002 T7 LINEAR were discovered at the large heliocentric distances of r = 10.1 AU
(in August 2001) and r = 6.9 AU (in October 2002), respectively. At the moment of its discovery, C/2001 Q4 was a 20 mag
object that showed a 8 coma, whereas the coma of C/2002 T7
(17.5 mag at the moment of discovery) was only marginally
greater than the Airy disks of nearby stars (Kammerer 2011).
In addition, Tozzi et al. (2003) observed the coma of comet
C/2001 Q4 at a large distance before perihelion (8.6 AU from the
Sun). They reported a conic structure in the northern hemisphere
of its coma and interpreted this structure as a dust fan produced
by an active region located at the nucleus. Both objects passed
relatively close to the Earth in May 2003, C/2001 Q4 at the
distance of 0.321 AU (48 million kilometers) and C/2002 T7 at
the distance of 0.266 AU (40 million kilometers). They reached
naked-eye visibility a year later, in April-May 2004, when they
were close to their perihelia. Comet C/2002 T7 passed perihelion
at the distance of about 0.61 AU from the Sun reaching its maximum apparent brightness of mag 2.7 about a month later. Comet
C/2001 Q4 was fainter, but still brighter than 4 mag, during its

perihelion passage at a distance of about 0.96 AU from the Sun.
For observers in the northern hemisphere at mid-latitudes, there
was the unusual phenomenon of seeing two bright comets in
the same direction in the evening sky: since the middle of the
twentieth century, this was indeed the only documented case of
two comets brighter than fourth magnitude being observed at
the same time. Observational statistics tell us that we should be
able to view a comet of fourth magnitude or brighter once every
two years1 .
It is therefore unsurprising that these two comets were intensively observed not only visually but also in other spectral
regimes, mostly during observational campaigns dedicated to
both comets, e.g. Hogerheijde et al. (2009); Combi et al. (2009);
Buﬃngton et al. (2008); Gibb et al. (2007); Milam et al. (2006).
Both C/2001 Q4 NEAT and C/2002 T7 LINEAR are nearly
parabolic comets, hence were also compared with each other
in the context of their dynamical histories, both being widely
regarded as dynamically new comets. They are also included
in the sample of long-period (LP) comets in Earth-crossing or
1
See for example:
http://www.icq.eps.harvard.edu/brightest.html
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Table 1. Observational material for the two comets studied in this paper.
Name
C/2001 Q4 NEAT
C/2002 T7 LINEAR

Paper I
interval of obs.
24 August 2001–18 August 2006
12 October 2002–7 March 2006

No. of obs.
2661
4451

Present investigation
interval of obs.
24 August 2001–18 August 2006
12 October 2002–20 March 2006

No. of obs.
2681
4507

Notes. Astrometric data were taken on 14 December 2011 from the IAU Minor Planet Center Web Page
http://www.minorplanetcenter.net/db_search.

Fig. 1. The distance from the Sun (red/black dots) and from the Earth (green/grey dots) for comets C/2001 Q4 NEAT (left panel) and
C/2002 T7 LINEAR (right panel) for all available observations.

approaching orbits analysed by Fernández & Sosa (2012). These
authors, however, use only pure gravitational orbits and simplify
distinction between dynamically old and new comets. Therefore,
from these authors’ point of view, these two comets are rather
indistinguishable. It seems, however, that one of them is a dynamically new comet (C/2002 T7) while the other (C/2001 Q4)
visited the inner part of the solar system during its previous
perihelion passage (Królikowska & Dybczyński 2010, hereafter
Paper I). In Paper I, these two comets were included into a group
of five comets for which some systematic deviations in the O–C
(observed minus calculated value) time variations were detected
in the case of the non-gravitational (hereafter NG) motion, despite the significant improvements that have been achieved in the
orbit determinations based on the standard type of NG eﬀects.
These improvements were measured by three factors: (i) root
mean square (rms) decreasing, (ii) weaker systematic trends
in the O–C time variations, and (iii) the closer similarity of
the O–C distribution to a normal one. We then concluded that
these comets require additional investigation, perhaps based on
a model with a diﬀerent g(r)-dependence on the heliocentric distance, r, than the standard one, which was originally proposed by
Marsden et al. (1973) and is commonly used in cometary dynamics. In the present investigation, we show that regardless of the
assumed g(r)-function, a general conclusion about the diﬀerent
dynamic statuses of these two comets seems to be valid.
Both comets were observed astrometrically for a long
time: comet C/2001 Q4 for five years from 24 August 2001
to 18 August 2006 (Table 1), i.e. from a heliocentric distance
of 10.1 AU before perihelion to 8.8 AU after perihelion, and the
A119, page 2 of 12

comet C/2002 T7 for almost 3.5 years over the period from
12 October 2002 (6.9 AU) to 20 March 2006 (8.1 AU). Figure 1
shows how the astrometric data of both comets are distributed
within the observational periods, in connection with their heliocentric and geocentric distances.
It is well-known that both objects show clear deviations from
purely gravitational motion (Marsden & Williams 2008, and
Table 2). This means that, assuming standard NG model motion,
the noticeably closer orbital fitting to astrometric observations
could be reached (measured by a decrease in rms, the O–C time
variations, and the degree of similarity of the O–C distribution
to a normal distribution; see also Paper I) than by a pure gravitational (hereafter GR) model. Thus, the two comets are especially well-suited to testing the methods of the original NG orbit
determinations. Unfortunately, the methods proposed here can
be used today only for a small sample of known one-apparition
comets, because these studies need a clear presence of NG effects in the cometary motion and a long sequence of astrometric observations covering a wide range of heliocentric distances.
Nowadays, more and more LP comets are discovered long before their perihelion passages and are followed on the outgoing
legs of their orbits to large heliocentric distances, so each year
the number of good candidates for this purpose increases.
The main goal of this paper is to investigate the dynamical
pasts of C/2001 Q4 and C/2002 T7 by analysing diﬀerent sequences of their astrometric data, as well as diﬀerent NG models.
In particular, we present two types of sub-sequences of data that
seem more suitable for study of the original NG orbits of two investigated comets (Sect. 3.1) than all the available astrometric
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Table 2. Original and future semimajor axes derived from pure gravitational (GR) nominal solutions (Cols. 2, 3) and non-gravitational (NG) nominal solutions (Cols. 4, 5), where all observations were taken into account and standard g(r) function for NG eﬀects were used.
Name
1
C/2001 Q4 NEAT
C/2002 T7 LINEAR

GR solutions
1/aori
1/afut
in units of 10−6 AU−1
2
3
+14.82 ± 0.41 –729.21 ± 0.41
+12.51 ± 0.43 –731.74 ± 0.43
+05.80 ± 0.44 –738.46 ± 0.44
–11.17 ± 0.18 –650.89 ± 0.18
–13.84 ± 0.16 –653.57 ± 0.16
–24.42 ± 0.24 –664.14 ± 0.24

NG solutions
1/aori
1/afut
in units of 10−6 AU−1
4
5
+60.56 ± 0.81 –694.40 ± 0.46
+60.87 ± 0.48 –696.62 ± 0.48
+59.59 ± 0.70 –696.74 ± 0.64
+25.65 ± 0.34 –713.74 ± 1.20
+20.72 ± 0.39 –660.08 ± 1.05
+19.73 ± 0.39 –650.86 ± 1.03

rmsGR

rmsNG





.
6
1.25
1.29
1.69
0.55
0.61
1.21

.
7
0.56
0.63
0.80
0.50
0.58
0.64

Number of
res.
res.
GR
NG
8
9
5347 5316
5305 5263
5223 5223
8796 8878
8596 8768
8643 8643

Ref.
10
present
PIw
PI
present
PIw
PI

Notes. The rms’s and number of residuals are given in Cols. 6, 7 and 8, 9, respectively. There are three rows for each comet: the first describes
present results with the weighting of the data, and the second and third rows reproduce the results given in Paper I, where PIw and PI (last column)
represent models with and without weighting, respectively.

material. These are models based on data from the incoming
branches of orbits, and models based on data from two orbital
legs but taken only at large distances from the Sun, when the
activity of a comet is relatively less important than around perihelion and can be described in a predictable manner.
In Sect. 2, we briefly describe our standard method of modelling the evolution of actual LPCs and the previous results obtained for C/2001 Q4 and C/2002 T7. In Sect. 3, we propose
a new approach to investigating the past evolution of these two
comets, which have long sequences of astrometric data and manifest easily detectable NG eﬀects. In Sect. 4, we present new results based on this new approach. We then explore a grid of models using diﬀerent criteria for the astrometric data compilation,
as well as diﬀerent models of the NG acceleration. In Sect. 5, we
discuss which models are the most appropriate for investigating
the previous perihelion passages for these particular comets and
draw general conclusions from our investigation.

2. Previous approach to determining the dynamical
statuses of C/2001 Q4 NEAT and C/2002 T7
LINEAR
Long intervals of data make it possible to determine the osculating orbits of both comets with a very high precision (very
small uncertainties) within the a priori adopted standard type of
NG model of motion (Marsden et al. 1973). Such results were
described in Paper I, where we used a dedicated Monte Carlo
method to control the propagation of uncertainties in the past and
future motions of these comets. We thus generated the swarm
of osculating elements of virtual comets (VCs) that are wellfitted to the observations (Sitarski 1998) and then propagated
them to both the previous and subsequent (i.e. next) perihelion
passages, taking into account both planetary and Galactic perturbations. Our method of numerical calculations is described
in detail in Paper I. For both comets, we derived very accurate results, where swarms of VC orbital elements are welldescribed by Gaussian distributions both for previous orbits at
previous perihelion passages and future hyperbolic orbits derived at 120 000 AU from the Sun. Although past swarms of both
comets are rather condensed they diﬀer dramatically in terms
of their previous perihelion distances. Comet C/2001 Q4 was at
its previous perihelion close to the Sun (1.9 AU ± 0.1 AU) about
2 million years ago, whereas C/ 2002 T7 passed its previous perihelion at a distance of ∼140 AU ± 20 AU from the Sun more
than 10 million years ago. We concluded that only C/2002 T7

seems to be dynamically new. We also discussed the problem of
other forms of NG accelerations than that based on standard g(r)
for these two comets. We estimated that diﬀerences in osculating
orbital elements among the considered NG models for these two
comets were about one order of magnitude smaller than those
obtained between GR and NG models. We therefore found that
the main conclusion about dynamical statuses of these comets
remains unchanged.
These results were obtained with the assumption that the
NG osculating solution based on all of the available observational material is always a better starting orbit when deriving the
actual past and future motions of long-period comets than the
NG starting orbit derived from some subset of existing astrometric data. For the majority of long-period comets, this is true because usually we have a limited sequence of astrometric data, as
well as modest information about their photometric behaviour.
Thus, a significantly smaller subset of data did not allow us to
determine the NG eﬀects with suﬃcient credibility. However, for
a few LP comets with small perihelion distances we have very
long runs of observations that allow us to exclude data within
time intervals where outbursts or any other strange cometary behaviour were reported (that usually occurred around perihelion
passage). We have such a situation in the case of two comets considered in the present paper. In what follows, we show that some
subsets of data seem to be more adequate than a full data set for
determining the starting osculating orbit for our purposes, i.e. for
the original orbit determination and previous perihelion-passage
dynamical calculations.
Additionally, we found that the observational material had
been corrected and supplemented in the past few years (after our
previous investigations). We noted that some observations had
been removed from the publicly available database and some
new data were added. All results presented in this paper are
based on data retrieved from the IAU Minor Planet Center on
December 14, 2011. The diﬀerences in the global characteristics
between the previous and current data sets are given in Table 1.

3. New approach
To identify the best method for determining an original orbit to study the past dynamical evolution of these two comets,
we explore grids of models with diﬀerent ways of constructing
data samples (Sect. 3.1) and diﬀerent forms of NG acceleration
(Sect. 3.2). To this aim, we tried to obtain the most appropriate initial NG osculating orbit (nominal orbit). As in our previous investigations (e.g. Paper I), we then constructed a swarm
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Table 3. Grid of models for C/2001 Q4 NEAT.
Row
No.
[1]
[2]
[3]
[4]
[5]

Models based on all data

Models based on all data
Models based on all data
Models based on all data
at large distances
at large distances
before perihelion
(r > 3.0 AU)
agreed with Combi et al. (2009)
type of data subsets
ALL
DIST1
DIST2
PRE
interval of observations 24 Aug. 2001–18 Aug. 2006 24 Aug. 2001–18 Aug. 2006
24 Aug. 2001–18 Aug. 2006
24 Aug. 2001–15 April 2004
interval of ejected data
–
9 Nov. 2003–23 Nov. 2004
15 April 2004–25 July 2004
after 15 April 2004
Number of observations
2681
692
1518
525
Number of residuals
5316
1369
3012
1030
NG model type: STD

[6]
[7]
[8]
[9]
[10]

rms [arcsec]
χ2 /probability
1/aori [10−6 AU−1 ]
1/afut [10−6 AU−1 ]
qprev [AU]

0.56
31.17/0.0028
60.6 ± 0.8
–694.4 ± 0.5
1.89 ± 0.05

0.59
21.45/0.257
36.2 ± 1.7
–676.4 ± 2.9
+3.3
13.0−2.7
NG model type: GEN

0.52
19.02/0.391
49.3 ± 1.0

0.38
16.00/0.593
33.3 ± 0.9

+0.25
3.35−0.22

+3.3
20.4−2.8

[11]
[12]
[13]
[14]

NG parameters
rms [arcsec]
1/aori [10−6 AU−1 ]
qprev [AU]

r0 = 4.0 AU;
0.56
58.0 ± 0.8
2.08 ± 0.07

r0 = 4.0 AU; m = −1.9
0.57
36.9 ± 1.7
+3.3
11.8−2.4
NG model type: YAB

r0 = 4.0 AU; m = −1.9
0.51
46.2 ± 1.0
+0.38
4.24−0.33

r0 = 4.0 AU; m = −1.9
0.38
28.9 ± 0.9
+9.4
46.0−7.5

[15]
[16]
[17]

rms [arcsec]
1/aori [10−6 AU−1 ]
qprev [AU]

0.56
54.6 ± 0.8
2.44 ± 0.10

0.57
36.27 ± 1.7
+3.7
12.8−2.7

0.51
43.1 ± 1.0
+0.61
5.63−0.52

greater than STD

Notes. Row [7] describes the result of χ2 test for sampling O–C distribution derived in a given type of data subset with 18 degrees of freedom in
each case; first value represents the χ2 -value, second – χ2 significance; for 18 degrees of freedom, the critical value of χ2 at a confidence level
of 0.95 is equal to 28.87.

of 5000 VCs and then propagated each VC backward up to the
distance of 250 AU to obtain an original, nominal barycentric
orbit (free from any planetary perturbations), together with its
orbital element uncertainties.
3.1. Data subsets

For the starting osculating orbit determination, we use the following subsets of data:
– Data type: ALL – all observations. Results are based on all
observations selected and weighted for standard NG model
of motion.
– Data type: DIST – a subset of observations taken only at
larger distances from the Sun. For comet C/2001 Q4, two
types of distant-data subsets are constructed: DIST1 – when
the observations around perihelion taken at a distance below
3.0 AU were omitted and DIST2 where a dedicated criterion
based on the observed cometary unusual behaviour was used.
– Data type: PRE – a subset of pre-perihelion data only.
The respective observation intervals and number of observations
in each data sample are given in Tables 3, 4 and Fig. 1. For
each data subset, we first performed a rigorous data selection
and weighting procedure using a standard NG force model. We
then determined diﬀerent variants of the osculating starting orbit
by using diﬀerent NG force models (see Sect. 3.2) and the same,
already preselected and weighted data. This means that each set
of astrometric data was processed individually for the standard
model of NG acceleration (STD model, see Sect. 3.2), according
to the method described in great detail in Paper I. The number of
residuals used and rms derived for an osculating orbit determination in the standard NG model are given in the third column of
A119, page 4 of 12

Tables 3, 4. The O–C diagrams obtained for all available astrometric observations (ALL data type) and the standard NG force
model (STD) are shown in Fig. 2. One can see some evident
trends in O–C diagrams for models based on all observations
(ALL type of data sets). Deviations of O–C distributions from
the Gaussian one were first analysed using a χ2 test; the probabilities that the obtained χ2 -value represent the normal distribution are given in row [7] of Tables 3, 4 (for 18 degrees of freedom, the critical value of χ2 at a confidence level of 0.95 is equal
to 28.87). One can see that the probability that O–C distribution in an ALL type of model is normal is 0.028 and 0.0033, for
C/2001 Q4 and C/2002 T7, respectively (Col. 3 of Tables 3, 4).
The deviations from a Gaussian distribution were also measured
by the kurtosis and skewness, defined as K = σμ44 − 3 and γ = σμ33 ,
respectively, where μ3 , μ4 are the third and fourth central moments and σ is the standard deviation. Qualitatively speaking,
values of kurtosis and skewness close to zero indicate that the
considered distribution is satisfactorily similar to a normal distribution. The kurtosis and skewness of O–C distributions based
on an ALL type of data diﬀer substantially from zero, which
additionally shows that these distributions are not Gaussian in
these cases. This problem was pointed out in Paper I and was
the main reason for examining other forms of NG accelerations
or/and types of data samples to calculate the initial osculating
orbit for a previous perihelion determination. However, applying other forms of NG forces (see Sect. 3.2) does not solve this
problem satisfactory. The reason lies in the unusual activity at
small perihelion distances (Sect. 4.2) that is impossible to model
with a single set of NG parameters determined from all the astrometric data or at least consistent with these data. The situation is
much better for the remaining types of data sets. A χ2 test shows
that the O–C distributions are Gaussian or almost Gaussian for
NG models determined based on DIST and PRE subsets of data
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Table 4. Grid of models for C/2002 T7 LINEAR; row [7] as in Table 3.
Row
No.
[1]
[2]
[3]
[4]
[5]

Models based on all data
type of data subsets
interval of observations
interval of ejected data
Number of observations
Number of residuals

ALL
12 October 2002–20 March 2006
–
4507
8878

Models based on observations
at large distances (r > 3.0 AU)
DIST
12 October 2002–20 March 2006
26 October 2003–22 October 2004
2611
5141

Models based on all data
before perihelion
PRE
12 October 2002–17 April 2004
after 17 April 2004
3655
7170

NG model type: STD
[6]
[7]
[8]
[9]
[10]

rms [arcsec]
χ2 /probability
1/aori [10−6 AU−1 ]
1/afut [10−6 AU−1 ]
qprev [AU]

0.50
38.49/0.0033
25.6 ± 0.4
–713.7 ± 1.2
+3.8
30.0−3.4

0.39
25.81/0.104
21.7 ± 0.9
–676.4 ± 2.9
103+35
−26

0.36
19.48/0.363
17.7 ± 0.5

r0 = 1.5 AU
0.38
22.6 ± 0.9
76+26
−19

r0 = 4.0 AU
0.35
15.6 ± 0.5
almost all (99.6%) escaping

0.39
20.1 ± 0.9
176+65
−46

0.35
14.9 ± 0.5
all escaping

405+94
−76

NG model type: GEN
[11]
[12]
[13]
[14]

NG parameters
rms [arcsec]
1/aori [10−6 AU−1 ]
qprev [AU]

r0 = 1.5 AU
0.47
26.5 ± 0.4
+2.9
23.1−2.5
NG model type: YAB

[15]
[16]
[17]

rms [arcsec]
1/aori [10−6 AU−1 ]
qprev [AU]

greater than STD
–

Notes. Row [7] as in Table 3.

Fig. 2. The O–C diagrams for comets C/2001 Q4 NEAT (left panel) and C/2002 T7 LINEAR (right panel) for NG model of standard acceleration
and all available data (model ALL+STD, see Sect. 3). The residuals in right ascension are shown as black dots and in declination as cyan/grey
circles; the moment of perihelion passage is shown by a dashed vertical line, and a dashed horizontal line corresponds to regions where data were
taken at small heliocentric distances (r < 3.0 AU).

where trends in the O–C diagrams are also negligible as one can
see in the last two columns of Tables 3, 4 and Fig. 4. For example, it seems possible to model motion of comet C/2002 T7
with two independent sets of three standard NG parameters. In
Fig. 4, the observations are divided into two perihelion zones:
data taken when the comet was further than 3.0 AU from the Sun
(DIST type of data, indicated by both black dots and dark grey

circles) and the rest of data around perihelion passage taken between 27 October 2003 and 16 October 2004 (in light grey). The
last model, based on data taken closer than 3.0 AU from the Sun,
is presented here only to show a complete picture of the O–C diagram and is not used in any other analysis described in this paper
for the obvious reason that we are looking for a previous perihelion passage. In our opinion, models based on a DIST type
A119, page 5 of 12
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Fig. 3. Diﬀerent forms of the NG function h(r) versus (vs.) heliocentric distance r (Eqs. (3)–(5)) investigated in this paper. Standard g(r)
is shown with a black curve, and a Yabushita function f (r) with a dotted blue (dark grey) one. From top to bottom, according to description given in the figure: dashed green/grey (m = −2.15, r0 = 4.0),
solid cyan/grey (m = −1.9, r0 = 4.0), and dotted-dashed cyan/grey
(m = −2.15, r0 = 1.5) curves represent the best derived g(r)-like functions for the comets C/2001 Q4 and C/2002 T7 for three types of data
(ALL, PRE, and DIST, see Sect. 3.1).

of data seem to be more adequate for the determination of the
starting osculating orbit for previous perihelion dynamical calculations than models based on the whole data set. Observations
from PRE data subsets cover significantly shorter time intervals
and the osculating orbits derived on their basis should be treated
with greater caution than orbits based on DIST data subsets.
However, in some situations, for example when a comet splitting event occurs, such a model might be the only appropriate.
3.2. Models of non-gravitational motion

The classical method of NG orbit determination was originally
proposed by Marsden et al. (1973). Their widely used model assumes that accelerations are symmetric with respect to the perihelion and is expressed by the semi-empirical function g(r)
Fi = Ai · g(r),

Ai = const. for i = 1, 2, 3,

−4.6142
g(r) = α (r/r0 )−2.15 1 + (r/r0 )5.093
,

(1)

where F1 , F2 and F3 are the radial, transverse, and normal components of the NG acceleration, respectively, α = 0.1113 is a
normalization constant defined by the relation g(1 AU) = 1,
and the scale distance r0 = 2.808 AU is a heliocentric distance where solar radiation triggers the eﬀective sublimation
of water ices. The standard form of the dimensionless function g(r) is related to an empirical water-ice sublimation curve
derived by Delsemme & Miller (1971). Thus, at small heliocentric distances, r  r0 , NG force is roughly proportional to
r−2.15 , whereas at r  r0 it drops faster with distance from
the Sun, as modelled by the second term in the formula for the
g(r)-function (see black curve in Fig. 3).
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Fig. 4. The O–C diagram for comet C/2002 T7 LINEAR for two separate NG models of a standard acceleration derived for two complementary data sets. Residuals for the NG model based on the DIST
data sets (observations taken when the comet was further than 3.0 AU
from the Sun, see Sect. 3.1) are shown by black dots and dark grey
circles (residuals in right ascension and declination, respectively). The
other NG model was derived for the remaining data (taken when the
comet was closer than 3.0 AU from the Sun) and residuals are shown
in light grey; the moment of perihelion passage is shown by a dashed
vertical line.

This standard form of g(r) was originally derived for shortperiod comets. However, it is also often used to determine
NG eﬀects in the motion of long-period comets since the relevant function for the family of LP comets has not yet been found.
Moreover, it seems that LP comets diﬀer significantly from each
other in terms of the sublimation rate variability as a function
of heliocentric distance; the comets C/1995 Q1 Hale-Bopp and
C/1996 B2 Hyakutake may serve as good examples of this phenomenon (Szutowicz et al. 2002b,a).
Thus, in the present investigation, instead of a standard g(r)
function described by Eq. (1) we introduce a more general
form of the dependence of NG acceleration on the heliocentric
distance
Fi = A∗i · h(r),

A∗i = const. for i = 1, 2, 3,

(2)

and we adopt three diﬀerent forms for a dependence of acceleration on the heliocentric distance, h(r), namely standard
g(r) based on water sublimation, more general g(r)-like function g∗ (r), and Yabushita function, f (r), based on the carbonmonoxide sublimation rate (Yabushita 1996). Thus, we consider
here the following three types of NG models:
– STD NG model type
h(r) = g(r);

(3)

– GEN NG model type


h(r) = g∗ (r) = α (r/r0 )−m 1 + (r/r0 )n −k ;

(4)

– YAB NG model type
h(r) = f (r) =


−1
1.0006
× 10−0.07395(r−1) 1 + 0.0006r5 . (5)
2
r
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In the GEN type of NG model, we have an additional four free
parameters: scale distance, r0 , and the exponents m, n and k. The
function g∗ (r) is normalized similarly as a standard g(r) function, thus α is calculated from the condition g∗ (1 AU) = 1, and
the f (r) function is normalized to unity at r = 1 AU (see dotted
curve in Fig. 3).
In the above three types of NG models, all three NG parameters A∗1 , A∗2 , and A∗3 (Eq. (2)) were derived together with six
Keplerian orbital elements in the iterative process of the orbital
determination within a given observational time-interval defined
by the type of the data set (ALL, DIST, PRE, see Sect. 3.1).
In the GEN type of NG models, we additionally examined the
various values of scale distance, r0 , and exponents m, n and k.
Unfortunately, the dependence of the g∗ (r)-formulae on the particular choice of astrometric data is weak. For both comets, the
orbit fitting is most sensitive to changes in the scale distance r0
and to a lesser extent changes in the value of an exponent m.
Thus, in our subsequent analysis we kept the standard values
of the exponents to n = 5.093 and k = −4.6142. However, according to our modelling the g(r)-like formula should decline
more steeply at large than at small heliocentric distances. Thus,
the r0 seems to be important to the modelling of the NG forces in
both comets. Omitting completely the r0 parameter as a turning
point in the g(r)-like behaviour (Eq. (4)), we obtain worse fits.
Since the detection of NG eﬀects in astrometric data of
LP comets is rather diﬃcult, we tried to model NG accelerations
with a number of NG parameters no larger than necessary to improve the model fit to the data. For example, we tested additionally the asymmetric NG model, which introduces an additional
NG parameter τ, namely the time displacement of the maximum of h(r(t − τ)) relative to the moment of perihelion passage.
According to our calculations based on ALL type of data, the
asymmetric standard model of NG motion of C/2001 Q4 gives
only a slight shift of 0.85 ± 0.45 day after the moment of perihelion passage. However, this model gives: (i) the same rms as
the symmetric model, (ii) similar trends in the O–C diagrams for
orbit fitting, and (iii) a similar deviation for the O–C distribution from normal distribution. We tested an asymmetric model
for both comets and all types of data subsets and noticed no improvement in any of the above three elements relative to the corresponding symmetric models. Thus, we present in this paper
only symmetric models.

4. New results
4.1. Previous perihelion distance calculations

After obtaining for both comets original (before entering our
planetary system) and future (when leaving our planetary region) orbits, we calculated their orbits at a previous perihelion
passage (both comets leave the solar system on hyperbolic orbits, so their future dynamics is clear). We used here the same
methods and algorithms as applied in Paper I. As early as at
the moment of osculation (i.e. close to the perihelion passage),
the single cometary orbit was replaced by a swarm of 5000 randomly chosen (but representative of the observations) VC orbits, and all of them were propagated to both the past and future, giving us swarms of original and future orbits. To obtain
as much information about the previous perihelion passage of
two comets investigated in this paper as possible, we followed
numerically all VC orbits in these swarms back to the previous perihelion; all details of the numerical technique used here
can be found in Paper I, and some additional information can be
found in Dybczyński & Królikowska (2011). This was done for

Fig. 5. The dependence of the previous perihelion distance on the reciprocal of the previous semimajor axis for C/2001 Q4 (DIST2 variant
with the standard NG model). Each dot in the central part of figure represents an individual cometary orbit from the swarm of 5000 VC orbits
propagated to the previous perihelion (∼3 million years back in time).
Results of two diﬀerent calculations are shown: without stellar perturbations (the central upper plot) and with stellar perturbation included
(the lower one). The centres of the big circles define the positions of the
respective nominal orbits. For the variant without stellar perturbations,
boundary distributions of 1/aprev and qprev are also plotted.

all variants of NG force models investigated here, as well as for
all types of the observational-material sub-samples.
The detailed example of our results for the previous perihelion of C/2001 Q4 (DIST2 type of data set and standard NG force
model) is depicted in Fig. 5. This picture also shows the boundary VC distributions of the previous perihelion distance, qprev ,
and the reciprocal of the previous semimajor axis, 1/aprev . It is
noteworthy, that owing to the nature of the Galactic disk perturbations (dominating here), the semimajor axis remains almost
unperturbed so its distribution is almost exactly the same as that
of 1/aori . It is easy to note that both distributions, qprev as well
as 1/aprev, are fairly Gaussian.
During the past dynamical evolution, we took into account
tidal perturbations from both the Galactic disk and the Galactic
centre. Additionally, we checked the potential perturbing-eﬀect
of all known stars that had passed close to the solar system during the past ten-million years. Dybczyński (2006) showed that
there had been no significant change in the cometary orbital elements at the previous perihelion passage after including known
stellar perturbations, but recently new data on potential stellar
perturbers were made available. The complete new reduction of
the Hipparcos satellite measurements were performed and the
new version of the catalogue (HIP2) was made available (see
van Leeuwen 2007, for details). Using this new set of precise
stellar data, Anderson & Francis (2012) prepared a compilation
of them with other stellar characteristics, including radial velocities. On this basis, they searched for any stars that had visited the
solar system neighbourhood, by calculating their minimal heliocentric distances and epochs of the closest proximity. We therefore extended our dynamical model including gravitational perturbations from 35 stellar systems. This set of stellar perturbers
were obtained by combining the results of Dybczyński (2006)
and Anderson & Francis (2012). Again, no significant perturbation from the passing stars was detected.
Thus, the dominating perturbing forces in the motion of both
comets at huge heliocentric distances are the tidal gravitational
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actions of the Galactic disk and Galactic centre. The combination of the Galactic tides and planetary perturbations
constitute fundamentals of a well-known concept called the
Jupiter-Saturn barrier. We discussed this in detail in Dybczyński
& Królikowska (2011), where we also presented several examples of large perihelion-distance comets that traverse this barrier, sometimes without any significant orbit changes. From the
Jupiter-Saturn barrier point of view, long-period comets can
be divided into two dynamical classes: jumpers and creepers2 .
When Galactic tides reduce the perihelion distance of a particular comet from above say 15 AU down to the observable region
in one orbital period, we call such a comet a jumper since it
jumps over the Jupiter-Saturn barrier. Otherwise, if the perihelion distance evolution under the Galactic perturbations is much
slower, we call such a comet a creeper, since it is passes several times through the strong planetary perturbations zone, fortunately not experiencing significant orbit change.
Among the two comets investigated in this paper, C/2001 Q4
NEAT is a typical example of a creeper, while C/2002 T7
LINEAR seems to be a typical jumper. This distinction is based
on a previous perihelion distance of these comets, and results in
this case (and most other cases) mainly from the diﬀerent values
of the semimajor axes. This dependence of previous perihelion
distance on semimajor axis is obvious only in the absence of any
significant stellar perturbations.
While for C/2002 T7, the relative eﬀect of stellar perturbations is really infinitesimal, in the case of C/2001 Q4 it is
still very small but more apparent, as shown in Fig. 5. It is
easy to note a systematic shift to smaller perihelion distances
(about 0.10–0.15 AU, i.e. about 3 per cent) after including stellar
perturbations (red dots), while the 1/aprev values do not change.
It should be stressed here that the previous perihelion passage of
C/2001 Q4 occurred only 2–4 million years ago (depending on
the NG force and type of data model used) so our knowledge of
the potential stellar perturbers of its motion seems to be fairly
complete. The small diﬀerence presented in Fig. 5 is quite representative of the whole grids of models analysed here. Thus,
we are convinced that known stars do not influence our conclusions on the dynamical history of both investigated comets by
any means.
The overall dependence of the previous perihelion distance
on the original semimajor axis for all these variants is depicted
in Fig. 7, and our numerical results are summarized in Tables 3
and 4.
In Fig. 6, we show the backward dynamical evolution of
VC swarms of C/2001 Q4 and C/2002 T7 where two swarms
for each comet are shown. The main source of diﬀerences in
the past evolution are the diﬀerences in the original semimajor
axes. It is also clearly visible that swarms based on subsets of
data (PRE and DIST2 models) are more dispersed than the respective swarms based on the entire set of observational material (ALL models). For this comparison, we used the standard
form of the NG forces in each case and switched oﬀ our “escape
threshold” taken at 120 000 AU to allow for all VCs to reach the
previous perihelion.
4.2. C/2001 Q4 NEAT

According to Kammerer (2011), the brightness variation of
comet NEAT with heliocentric distance shows two main phases
2
These terms were probably first used in this context by Hans
Rickman in his review of cometary dynamics (Rickman 2010).
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Fig. 6. The comparison of the backward dynamical evolution of the
VC swarms of C/2002 T7 and C/2001 Q4. For each comet, two different swarms are shown: a green (light grey) based on all astrometric
data and a red (dark grey) representing our preferred data model for a
particular comet (PRE for C/2002 T7 and DIST2 for C/2001 Q4). In
each case, the nominal orbit is drawn in black. We show also in black,
the histograms of the swarm density at the moment of a previous perihelion passage. The horizontal dashed line depicts the “escape limit”
of 120 000 AU used in our investigations.

in pre- and post-perihelion data, separately. He derived powerlaw fits for four periods, where the borders were set at 90 days
before perihelion passage (at 1.6 AU from the Sun), at the moment of perihelion, and 85 days after perihelion passage (also
at about 1.6 AU from the Sun). The average brightness evolution with heliocentric distance was significantly faster when this
comet was further than 1.6 AU from the Sun along the incoming
leg of the orbit, as well as along the outgoing leg. Around perihelion, when the comet was closer than 1.6 AU from the Sun, the
average variations in the brightness seemed to be smaller, however several local maxima and minima are visible in the light
curve, for example Kammerer points to a significant minimum
just before perihelion (between 20 April and 5 May) and then a
sharp increase until perihelion. According to Churyumov et al.
(2008), the power-law slope of the brightness variation with heliocentric distance changed four times before perihelion and four
times after. They also concluded that these photometric changes
occurred at very similar heliocentric distances before and after perihelion. However, they pointed out that the brightness
variation was generally steeper before the perihelion passage
than after.
Similar conclusions were derived from the water-production
rate curve. The hydrogen Lyα comae of both comets was detected by the SWAN all-sky camera on the SOHO spacecraft.
The comet C/2001 Q4 NEAT was observed (Combi et al. 2009)
from the heliocentric distance of 3.23 AU before to 2.75 AU after perihelion (14 September 2003–2 November 2004). They
found that the average water-production rate varies with heliocentric distance as r−1.7 . However, they concluded that this
comet was definitely more active before than after perihelion
and that power-law fitting gives significantly diﬀerent powerlaw slopes for pre- and post-perihelion changes in the water production rate with the heliocentric distance r. They found that
the best-fit power-law variations in the water production rate of
C/2001 Q4 are proportional to r−2.2 and r−1.7 for the pre- and
post-perihelion data, separately. This means that a power-law
function of water production rate generally seems to be steeper
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before perihelion passage than after, which is in agreement with
Churyumov et al. (2008). However, Combi et al. (2009) reported
that comet NEAT “showed a production rate outburst about
30 days before perihelion (15 April 2004) and then a large extended increase above the nominal trend from 50 to 70 days after
perihelion (2004 July 5−July 25)”. In their paper, Fig. 2 shows
that a power-law function with one slope is a very coarse approximation of actual water production behaviour before perihelion.
To avoid problems when modelling local anomalies in the
NG accelerations as a function of heliocentric distance, we constructed three sets of data for this comet based on the analysis of a water production rate curve described by Combi et al.
(2009). In the DIST2 type of data, we ejected the smallest possible number of observations around perihelion, namely from
15 April 2004 to 25 July 2004, i.e. 1163 observations (44% of
all data) taken from 1.2 AU before perihelion passage to 1.5 AU
after perihelion passage. In addition, we finished the PRE type
subset of data at 15 April 2004. The third type of data subset (DIST1) includes only observations taken at large distances
from the Sun (further than 3.0 AU). This means that in the case
of comet C/2001 Q4 NEAT, we ejected all observations around
perihelion taken closer than 3.0 AU from the Sun, i.e. from
9 November 2003 to 23 November 2004 (74% of all observations). Thus, the DIST1-subset of data covers the period almost
entirely outside the SWAN observations. More details about the
observational materials are given in Table 3.
In the case of the GEN type of NG motion, we noticed
that there is a decrease in rms for r0 greater than the standard
value of 2.808 AU and smaller than 6.0 AU. As the most representative value, we took r0 = 4.0 AU. The full set of observational material (ALL type of data set) seems to be insensitive to the m exponent, thus we assumed the standard value
of m = −2.15 AU (Col. 3 of Table 3 and dashed green/grey
curve in Fig. 3). For the remaining type of data (PRE, DIST1,
and DIST2), the closest data fitting were derived for r0 = 4.0 AU
and m = −1.9 (Cols. 4–6 of Table 3 and solid cyan/grey curve in
Fig. 3). The slower h(r) change with heliocentric distance than
standard (mSTD = −2.15) is a very interesting result and agrees
with Combi et al. (2009).
For all these starting models (4 types of data × 3 types of
NG motion), we finally derived the original semimajor axes,
1/aori taken at 250 AU from the Sun in the case of backward
dynamical evolution, and the values of previous perihelion distances, qprev . Results are presented in Table 3 and Fig. 7. All
black parts of the NEAT curve show ranges of 1/aori and qprev
determined for four investigated types of data sets (from top to
bottom: PRE, DIST1, DIST2, ALL). Within the given type of
data set, ranges for three types of NG models overlap or partly
overlap (as for DIST1 and PRE data sets), or are separated from
each other (as for the DIST2 and ALL data sets), where the order
of NG models depends on the type of data set.
As described in detail above, from the PRE, DIST1, and
DIST2 data sets, we excluded periods where local anomalies in
the cometary activity occurred (Combi et al. 2009), thus for our
purposes models based on these three subsets should be more
reliable than models based on all the observations (ALL type
of data). On the other hand, the lack of reports of cometary
break-up (or large outbursts outside the excluded period from
15 April 2004 to 25 July 2004) allows us to conclude that models based on the richer and longer data sequences should be preferred over models based on shorter data sequences. Thus, in the
case of comet C/2001 Q4 we can recommend models based on
the DIST2 type of data.

Fig. 7. Relations of previous perihelion distance vs original semimajor
axis for C/2001 Q4 NEAT (green curve) and C/2002 T7 LINEAR (blue
curve). The black parts of NEAT curve show ranges of values determined in four investigated type of data sets (PRE, DIST1, DIST2, ALL)
and black parts of LINEAR curve show the ranges of values derived in
three types of data sets (PRE, DIST and ALL).

4.3. C/2002 T7 LINEAR

The comet LINEAR was observed by SWAN from
2.52 AU before to 2.09 AU after perihelion (4 December
2003−6 August 2004). Combi et al. (2009) reported for this
comet that no large outburst was detected during the observed
period. They found that the average water-production rate
varies with heliocentric distance as r−2.0 , i.e. is steeper than for
C/2001 Q4. The best-fit power-law approximation to the water
production variations of C/2002 T7 is proportional to r−1.6 and
r−2.1 for pre- and post-perihelion measurements, respectively.
This means that the power-law function of water production rate
here is flatter before perihelion than after, e.g. unlike in the case
of C/2001 Q4, although both comets were generally more active
before than after perihelion.
It was reported, however, that a significant change in the
brightness trend occurred before the SWAN campaign, namely
around 25 October 2003 when a comet was about 3.0 AU from
the Sun (Kammerer 2011). According to Kammerer (2011), the
second break in the comet’s brightness evolution took place at
the beginning of February 2004 (about 1.6 AU from the Sun).
Discussing the anti-tail behaviour, Sekanina (2004) found that
the dust that formed this anti-tail had been ejected most probably
in the period between discovery and the end of June 2003, e.g.
in the distance greater than 4.5 AU from the Sun and about one
year before perihelion passage or even before discovery. In this
situation, the independent investigation of NG motions based on
diﬀerent subsets of data could give us some new information.
For the ALL and DIST types of data sets, we found similar
trends in the NG eﬀects, namely, in the case of the GEN type
of NG motion, we noticed a decrease in rms for r0 significantly smaller than its standard value and used r0 = 1.5 AU
(dotted-dashed cyan/grey curve in Fig. 3). However, for the preperihelion type of data (PRE) the best data fitting was derived
A119, page 9 of 12

A&A 544, A119 (2012)

for r0 = 4.0 AU, as in the case of the comet C/2001 Q4 according to the last column of Table 4 and dashed green/grey curve
in Fig. 3. Unfortunately, all the types of data sets seems to be
insensitive to the m exponent around its standard value, thus we
assume the standard value of m = −2.15 AU.
For all these starting models (3 types of data × 3 types of
NG motion), we finally found that the original, barycentric semimajor axis taken at 250 AU from the Sun in backward dynamical evolution is in the range of 14 < 1/aori < 27 in units
of 10−6 AU−1 . At first glance, this range appears to be narrow.
However, it results in a wide range of previous perihelion distances from 23 AU to 403 AU for returning orbits. Moreover, for
PRE type of data, and g(r)-like or Yabushita types of NG motion, full swarms of VC orbits are escaping. It is worth explaining here our definitions of returning and escaping orbits. When
numerically following each VC motion, we limited ourselves to
the heliocentric distance of 120 000 AU. Orbits with an aphelion
distance smaller than that limit are call returning, the remaining
orbits from the swarm are called escaping. However, the majority of the escaping orbits are still elliptical. Since we deal with
swarms of 5000 individual orbits of VCs instead of the single,
nominal orbit, we found in some cases that part of the swarm
is returning, while the rest is escaping and probably that some
of the escaping VCs have hyperbolic orbits. The details of our
numerical procedure and the methods of result interpretation are
described in detail in Paper I.
For the two comets investigated in this paper, we found that
all investigated swarms of VC orbits for C/2001 Q4 consist
of returning orbits. This is the same situation we found in the
case of C/2002 T7, except all three NG models based on the
PRE sample of observations. For the standard NG model (STD),
we obtained 61 escaping orbits (see Fig. 6), for the generalized
NG model (GEN) we found 4980 escaping orbits, while using
the Yabushita function (YAB model) all orbits in the swarm
were escaping. It is noteworthy to mention that all these escaping orbits are fairly elliptical, all aphelion distances are smaller
than 125 000 AU for STD model, smaller than 135 000 AU for
GEN model, and smaller than 150 000 AU for the YAB model.
It might be added for completeness that all swarms of future orbits for both comets only consist of hyperbolic orbits.
The black parts of the comet C/2002 T7 curve in Fig. 7 show
ranges of 1/aori and qprev determined in three investigated type
of data sets (from top to bottom, PRE, DIST, and ALL). As
in the case of comet C/2001 Q4, ranges for diﬀerent types of
NG models overlap within the individual type of data set (as for
DIST and ALL data sets) or are sometimes separated (as for the
PRE data set). In the case of C/2002 T7, there is no doubt that
this comet is dynamically new.
There are also reports about the possibility of the nucleus
fragmentation of this comet (Milam et al. 2006). Hence, the best
way to determine the unadulterated values of 1/aori and qprev is
probably to take into account only observations before perihelion to determine the starting orbit for dynamical studies on the
previous perihelion passages. On the basis of PRE type of data,
we conclude that the previous perihelion was far beyond the
planetary system, where the lowest value of qprev  400 ± 80 AU
was obtained for the STD type of NG models.
4.4. Differences in dynamical evolution under the Galactic
tides

As concerns the dynamical evolution under the Galactic perturbations, we can note several diﬀerences and more similarities
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Fig. 8. Backward dynamical evolution of C/2002 T7 for a nominal VC from the PRE+GEN swarm (cyan/grey) and PRE+STD swarm
(in black). The evolution of the perihelion distance (thick solid line) and
the heliocentric distance (thin solid lines) are shown with the left vertical axis in AU. The right vertical axis in degrees corresponds to the
plots of the argument of perihelion (thick dashed line) and the inclination (dotted line), both in the Galactic reference frame.

between the two comets investigated here. C/2001 Q4 was observed several million years before the secular minimum of its
perihelion distance, during the decreasing phase of this element
evolution with the argument of perihelion slowly increasing in
the first quarter (this comet has a prograde orbit in the Galactic
frame).
In contrast, as depicted in Fig. 8, C/2002 T7 was observed
just after the secular minimum of the perihelion distance evolution (the observed value of an argument of perihelion in the
fourth quarter) and its orbit is retrograde in the Galactic frame.
In this figure, we present two diﬀerent dynamical evolutions: the
nominal VC of the PRE+STD model (in black) is superimposed
on the evolution of the orbital elements of the nominal VC from
the PRE+GEN swarm (in cyan/grey). It is clearly shown that the
only significant diﬀerence (i.e. where grey lines are visible) is
found for the evolution of the perihelion distance (thick solid
lines). This is of course the result of the diﬀerent semimajor
axes obtained in these two models – the diﬀerence in the orbital
period is also depicted. Owing to the influence of the Galactic
centre perturbation, this comet switched from a prograde to a
retrograde orbit ∼3 million years ago and since that moment its
Galactic inclination ( marked with a dotted line) has increased
from 90 degrees up to almost ∼170 degrees and decreased again
to ∼140 degrees before the observed perihelion passage. This behaviour of the inclination evolution would be impossible under
the separate Galactic disk tide so we have here a nice example of
the significant qualitative influence of the tidal perturbation originating from the Galactic centre. The evolutions of the argument
of perihelion (the dashed line) and the heliocentric distance (thin
vertical lines) are also shown.
Though, the main diﬀerence between the past dynamical evolutions of these comets is their significantly diﬀerent
values of original semimajor axes (depending on the model:
16 400–35 700 AU for C/2001 Q4, and 38 500–67 000 AU for
C/2002 T7), there is a systematic trend in aori -changes for investigated comets: the smallest semimajor axis for both comets
results from the ALL type of data set, a larger one from the
DIST-type of data, and the largest from the PRE-type of data.
As a result, the previous perihelion distance was, respectively,
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moderately, more, and largely increased (going to the past) by
Galactic perturbation for both comets. Because of the larger
semimajor axis, C/2002 T7 is much more sensitive to even small
diﬀerences in the original orbit. For example, updating the observational material described in Table 1, we noticed several additional observations in February 2004 (compared to data taken
from the earlier database of Paper I), i.e. two months before the
end of PRE data set. This small diﬀerence in the number of observations results in a change in the nominal, previous perihelion
distance for the PRE-type data set from 274 AU to 405 AU. This
is consistent however with the combined standard error obtained
for these two solutions.

5. Summary and conclusions
The purpose of the present research was not only that raised in
the question of the title of this paper but was also to show how
diﬀerent model assumptions aﬀect the past dynamical evolution
of so-called Oort spike comets (1/aori < 10−4 AU−1 ) with osculating orbits classified with the highest accuracy. To achieve this,
we have examined the past evolution of both C/2001 Q4 and
C/2002 T7 for three types of data series. We have constructed
data series taken before perihelion passage (PRE type of data),
as well as a data set composed of observations taken at large
distances from the Sun (DIST type of data) based on the water
production-rate behaviour of these comets. Although we have
presented complete grids of models for all three types of data
sets, we have argued that in the case of comet C/2002 T7, models
based on pre-perihelion data (PRE type of data set, see Table 4)
seem to be the most useful for determining the previous perihelion distance, while in the case of comet C/2001 Q4 the best are
DIST-type models, in particular the DIST2 version (see Table 3).
However, the analysis of the complete grid of models has
also been very instructive. It shows that the greatest change in
the previous perihelion relative to that obtained in the canonical
approach (a complete set of astrometric data and the standard
g(r)-form of NG eﬀects) results from the diﬀerent types of data
subsets used for each of these two comets. In this context, the
form of the NG acceleration dependence on the heliocentric distance is of secondary importance (see Fig. 7).
Astrometric data of the investigated two comets have allowed to identify a clear existence of dynamic eﬀects associated with the NG eﬀects. We have therefore tried to examine
whether it is possible to decide which variant of the NG acceleration dependence on the heliocentric distance described by
Eqs. (3)–(5) most closely fits the data. We have found that for all
three types of data sets, the standard g(r)-function seems to fit
the data worse than the g(r)-like function and sometimes worse
than the f (r)-function given by Yabushita. The only exception
was the models based on all observations (ALL data type) for the
comet C/2001 Q4 where we did not observe any improvement
in the rms (as well as the O–C distribution and O–C diagrams)
for either the g(r)-like function or f (r)-function compared to the
standard g(r)-function. The Yabushita function never was able to
fit any of the data better than other forms of NG acceleration so
the results of the YAB model based on a CO-sublimation are presented here mainly for completeness and comparison purposes.
The astrometric data shows that the best form of NG acceleration
seems to be the g(r)-like function, which has a substantially different r0 from that given in the standard g(r) function. Thus, we
concluded that the NG acceleration in both comets do not follow
the theoretical g(r)-function expected for an isothermal nucleus.
Additionally, in the PRE type of data of C/2002 T7, the derived
g(r)-like function seems to be closer to a model of outgassing

restricted to the subsolar point on the nucleus surface originally
introduced by Sekanina (1988) and defined by the parameters:
r0 = 5.6, m = 2.1, n = 3.2, and k = 3.9.
In the case of comet C/2001 Q4, for three types of data subsets (PRE, DIST1, and DIST2) we found that the best-fit models are based on g(r)-like function with r0 = 4.0 AU that are
proportional to r−1.9 , i.e. have a distance scale larger than the
standard r0  2.8 AU and a weaker dependence on heliocentric
distances than the standard ∼r−2.15 (at small distances from the
Sun). The latter result is qualitatively consistent with the results
of Combi et al. (2009), who included this comet in the water variation group with shallow slopes (Table 5 in their paper). Using
DIST2 data, constructed on the basis of Combi et al. (2009) conclusions about increase activity of C/2001 Q4 above the nominal trend around perihelion (from 30 days before perihelion to
70 days after), we found that this comet was well inside the
Saturn orbit during a previous perihelion passage (∼2–4 million
years ago).
A similar analysis of a grid of models for comet C/2002 T7
also showed that models based on a g(r)-like function provided a closer fit to the data than standard models. However, the
Yabushita function was as good as the g(r)-like function for the
PRE data set. Unfortunately, our conclusion about the form of
a g(r)-like function is much less clear than in the case of comet
C/2001 Q4, because depending on the data type we obtain a different value of the scale distance r0 (see Table 4). We were also
unable to identify any qualitative diﬀerence in the fitting of models with a standard slope m = −2.15 and either smaller or larger
values of an exponent in the range m = −2.15 ± 0.15, i.e. a
steeper slope than −2.3 or one flatter than −2.0 already gave a
noticeably poorer fit. This result is also qualitatively consistent
with Combi et al. (2009), who – according to the productionrate power-law slope classification of Combi et al. (2008) – include C/2002 T7 in the moderate slope group. However, all models tested here indicate that this comet was outside the orbit of
Uranus in the previous perihelion passage ∼8–14 million years
ago. Since there are reports of nucleus fragmentation, we believe
that the safest approach for C/2002 T7 is to apply the PRE type
of data set and then draw conclusions about its past evolution.
Models based on this set of data indicate that the comet was
far outside the planetary zone during the previous perihelion
passage (qprev  50 AU).
More details and plots for both comets studied in this paper
will successively appear at our project web page3 .
Among the comets with a small perihelion distance (q <
3.0 AU) and original semimajor axis 1/aori < 10−4 AU−1 discovered so far, only a few have positional material rich enough
to determine the form of the dependence of the NG acceleration
on the heliocentric distance. In the future, we will extend our
study of the past dynamical evolution of comets to those of the
recently discovered objects with small perihelion distances and
1/aori < 10−4 AU−1 (∼20 comets in the past ten years), and the
analysis presented here will be performed for all objects discovered far enough away from the Sun.
Answering the title question, we can conclude that
C/2001 Q4 is not a dynamically new comet and that it visited
the planetary perturbation zone at least once during its previous
perihelion passages. We call such a comet a creeper. Conversely,
C/2002 T7 seems to be a good example of a jumper, i.e. comet
experiencing large Galactic perturbations that greatly reduced its
perihelion distance during its last orbital revolution, hence did
3
Dybczyński & Królikowska in
http://apollo.astro.amu.edu.pl/WCP
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not suﬀer any planetary perturbations at the previous perihelion
passage.
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