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Abstract. This study is the first investigation of the dust coldiation is generally obtained for orbits located in the dawn—dusk
lection by a spacecraft orbiting a cometary nucleus, whichnseridian; (6) proper allowance for the non—radial near—nucleus
based on a physically consistent ab—initio model of the duhist motion is extremely critical to the strategy of dust fluence
distribution in the vicinity of an aspherical comet nucleuseduction on critical spacecraft systems.

The homogeneous bean-shaped nucleus of Crifo & Rodionov

(1997a) is used, with updated parameter values adapted to coegt words: comets: general — comets: individual:
46P/Wirtanen, target of the Rosetta mission, but the conclusietéR/Wirtanen

of the study have a general significance. The near—nucleus dust

distribution is computed from the dusty gasdynamic model of

the above reference, except that a power—law size distribut?nmtro duction

with differential exponent = —3.5is used here. The more dis-""

tant distribution is computed from a Keplerian fountain modeDuring the first decade of the XXl century, several spacecrafts
Dust flux and fluences are evaluated for surfaces with variow#l be flown by, or inserted in orbit around, an active cometary
orientations, taking or not into account flux collimation, so thatucleud. Some of them will carry instruments dedicated to the
both the signal from dust analysers and the spacecraft contamasitu study of the dust properties, and all of them will be sub-
ination can be assessed. The results are compared to previnitted to dust impacts, which represents various kinds of haz-
evaluations based either on the unphysical, spherically symmeatis.

ric coma assumption, or on the highly asymmetric “effective nu- To our knowledge, the forecasting of the levels of dust col-
cleus dust source” derived from the Giotto Halley flyby in—sitlection by spacecrafts in a coma has hitherto been done on the
dustmeasurements by Fulle etal. (1995), scaled appropriatelg#sis of utterly simplified assumptions with respect to the distri-
the present problem. The main results are the following: (1) Thation of dustin the vicinity of the nucleus. In general a fictitious
results based on the spherical assumption can at best be uset-orspherically symmetric nucleus is assumed, having the as-
a global (benchmark) test of the correctness of a more realistiomed total gas and dust production rate of the real comet. This
models, but otherwise do not represent the fluxes or fluencesigrperhaps acceptable when dealing with large distances to the
dergone by any spacecraft surface during any realistic sequemgeleus, where the dust coma is not too aspherical. But close
of spacecraft orbits; (2) there is a strong difference between tbeahe nucleus numerical simulations predict that the dust coma
results from the present model, and those based on Fulle etll.be extremely inhomogeneous (Crifo & Rodionov, 1997a,b).
(1995), due in part to the fact that the present dust sourcdtigs sometimes argued, however, that, due to the conservation
less anisotropic that the “effective” source derived there; tloé the dust mass flux, if a spacecraft scans a closed sufface
two evaluations thus provide for the first time an estimate of tlemcircling the nucleus, then “owing to some kind of Gauss the-
prediction uncertainties associated with the absence of a precsem?”, its fluence will be independent from the details of the
knowledge of the nucleus shape; (3) other differences betwetrst distribution, and therefore can most simply be evaluated
the present and previous results are due to the non-radialityusing the 1-D model. This is unwarranted: in general, the flu-
the near—nucleus motion, and to the total absence of a biunivo-

cal mass—terminal velocity relation in the present model; (4) thé The NASA mission DS1 will in 2001 fly by comets Wilson Har-
“reflected” component of grains returned towards the nucle{f2gton (a “defunct” comet!) and P/Borrelly; the NASA mission “Star-
by radiation pressure appears particularly sensitive to the dﬁ%%t will return dust grains collected in 2004 in the coma of comet

ejection model, and is therefore a potentially important quanti ld-2; the NASA mission “Comtour” will fly by comets Encke in
J ! p yimp q 03, Schwachmann-Wachmann Ill in 2006, and d’Arrest in 2009, the

to measure, to constrain such models; (5) the strongest dust 'NASA mission DS4 will orbit and land on comet Tempel 11l in 2003,
and finally the ESA mission “Rosetta” will orbit and land on comet
Send offprint requests tM. Fulle P/Wirtanen in 2013.
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ence relative to a spacecraft elememasequal to the dust flux rigorous Keplerian dynamics — this last step is needed, because
acrossS, since the normal t6 doesnotin general enter into the gasdynamic models do not take into account the radiation pres-
definition of the fluence. Furthermore, the spacecraft does sate force, nor the differential Keplerian motion of the dust and
scanS uniformly in time. And finally it is unlikely that a space-nucleus; in particular, gasdynamic models cannot yield any in-
craft orbiting a nucleus will ever scanctosedsurface around formation on the “reflected” component of those grains which
it. Thus, we do expect that the integrated dust flux will stronglyave been returned towards the nucleus vicinity by the solar ra-
depend upon the exact dust distribution in the coma. And thdition pressure; (5) finally, computing the dust flux collected
raises the question (absent in a 1-D approach) of how to mihi the probe, taking into account the characteristics of its orbit.
mize or maximize this integrated flux (in general, for technicdlhis is surely an enormous task, which however begins to be
reasons, one wants to minimize the fluence, but dust analyfsised.
experiments may just ask for the opposite!). Furthermore, not This paper is a first step in this direction. We still retain an
only the time—integrated fluence may matter, but, as well, itsrealistic dust model (spherical grains). We neglect the nu-
time variation, which again depends on the real spatial dust dieus rotation, as well as its orbital motion. Also, we adopt the
tribution. Also, the 1-D model has the peculiarity that the dusimplest possible nucleus activity model, i.e. pure surface subli-
motion is strictly radial, which is not the case in a real dushation of ;O (excluding, forinstance, distributed gas and dust
coma close to the nucleus surface (Crifo & Rodionov, 1997agrpoduction). On the other hand, we consider a nucleus with an
1998a,b). Itis evident that a spacecraft surface oriented radiaBpherical shape, specifically the “bean” shape defined in Crifo
will receive a null fluence in a 1-D model, but not in a real cas&. Rodionov (1997b). We adopt model parameters adapted to
For the same reason, when a dust detector with a small fieldhod future ESA mission “Rosetta” to Comet 46P/Wirtanen (Bar—
view is considered, the accumulated signal predicted by the 1NDn et al. 1993), but the results are qualitatively applicable to
model cannot be in general correct. A final, and difficult protany other similar mission. The very small nucleus size (0.6 km
lemis that of relating the size distribution of the collected dust emjuivalent radius) of 46P/Wirtanen suggested by the recent ob-
the size distribution of that emitted by the nucleus. Whether servations of Lamy etal. (1998), and its relatively high activity at
not the spacecraft scans a closed surface, the two distributipesihelion (1-3x 10%® molecule per second) suggest that most
will differ, because of the complicated dust dynamics arourtd its surface must be active (unless distributed production of
a real nucleus (see Fulle et al., 1995). And again, the questidpO is at play, which surely cannot be excluded in principle,
might be raised of which orbits and which collection directionisut which is excluded here for the sake of simplicity, as men-
will minimize this difference. tioned above): thus, asin Crifo & Rodionov (1997b), we assume
The first investigation of the dust impacts in a non-uniforrhe nucleus surface to be homogeneous in compaosition. In spite
coma was done by Fulle et al. (1997) (hereafter designatedodgts simplicity, this nucleus generates a fairly inhomogeneous
‘F97") who analysed the sensitivity of the “Rosetta” orbiter dustust coma, and is therefore quite fit to our present objective.
analyzer “Giada” (Bussoletti et al., 1998) assuming an empir- The assumptions that the nucleus orientation is fixed in
ical dust environment, based on a previous fit to the “Didsypace, and that it stays permanently at its perihelion, are strong
Halley flyby dust impact detector (McDonnell et al. 1987, Fullassumptions, since the orbital period of the probe around the
et al. 1995). They found that, as expected, the dust collectioucleus may reach a month, thus is surely much longer than the
essentially depends on the environment anisotropy, when eneleus spin period, and may be long enough that the sun-comet
assumes arbitrarily oriented probe orbits. However, while theistance will change significantly during a single probe orbital
considered orbits very close to the nucleus surface, their modalolution. Furthermore, the acceleration time (by gas drag) of
dust distribution was a purely mathematical extrapolation frothe largest ejectable grains may itself exceed the nucleus spin
data acquired at thousands of kilometers away from the nuclgesiod, so that the distribution of those large grains may not be
of P/Halley, and therefore was independent from the nuclewgslistically represented by a stationary model. In this paper, we
size, shape, topography and spin evolution. It is clear, howewae forced to neglect these effects: taking into account them will
that the dust environmentose to a nucleus surfaceust be de- be the next steps of our simulations, which however will imply
pendent upon these nucleus characteristics (Crifo & Rodionaw enormous increase both in the number of model parameters
1997a,b). In fact, the description of this environment shoulftp represent the nucleus spin, now totally undetermined, and
in addition, be based on a realistic representation of the dtst heliocentric dependence of the comet activity, poorly con-
itself, since, close to the nucleus surface, the dust dynamétsained by observations), and in computer memory and CPU
is critically dependent upon characteristics of the dust (in fitsine. Still, the problem of the irrealistic representation of the
place the dust grain shape) that are currently ignored (see Cdfest will persist. Introducing a dispersion (at any fixed grain
& Rodionov, 1999a,b). Thus, a rigorous approach must congisass) in grain shape and specific mass would surely result in a
of (1) establishing a plausible nucleus physical model anddepersion in terminal grain velocity vector. It is clear however
plausible dust physical model; (2) assuming a realistic nuclethat the advancement towards a fully realistic model can only
spin state; (3) computing the gas and dust environment of themade by steps.
nucleus as a function of time, using a 3-D gasdynamic model, Since most of the physical characteristics of the target comet
up to the upper boundary of the gas-dust interaction region; @gP/Wirtanen will remain unknown untill the “Rosetta” probe
extrapolating the dust distribution at any greater distance, usingj reach it, one can only sample the full range of probable
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values of the required model parameters, and search for gendiahov (1997a,b), here the differential dust size distribugien
characteristics of the collected dust flux. In this respect, the sim-assumed to be a power law of the dust radiug(s) oc s®.
ulations presented in this paper can be considered to correspBalibwing the best available fits of the Didsy experiment (Fulle
tothe (improbable) case of a non rotating nucleus (or with a vesyal. 1995), we adopt = —3.5. This power index is of course
long spin period) and of a comet showing slow activity changedree parameter of the model, which could be run with other
close to perihelion. In any case, the comparison of the results/afues. The nucleus and dust specific mass (also free parame-
this paper with those provided by F97, based on a totally difféers of the model) are taken to pg = p; = 103 kgm=3. The
ent anisotropic dust environment, and with the isotropic model,cleus is assumed oriented with the Sun inclined at 45 degree
already will let us identify some general characteristics of tHiem the nucleus axis of symmetry QY, in thé0Z symmetry
collected dust flux. Particular attention will be payed to the dptane (see Fifl1).
pendence of the dust flux upon the probe orbital parameters, The multifluid dusty gasdynamic code described in Crifo &
such as the probe orbit orientation with respect to a nucleuRedionov 1997b was re—run with the new valuedyf f and
attached reference system, and the probe orbiting distance frg®) indicated above. The computed gas and dust spatial distri-
the nucleus center. butions are very similar to those computed in Crifo & Rodionov
The comparison between the results provided by the t{t997b), except that the gas number densities are about four
anisotropic dust environments (F97 and this paper) allows tirmes greater, since the nucleus outer area is about four times
to quantify the contribution to the dust flux of the previouslgmaller. The difference ii andR,, results (see Appendix D of
mentioned reflected grains. In isotropic comae, the direct flGtifo & Rodionov, 1997a) in an increase of about 40% in the
is always much larger than the reflected one, but in anisotropgeminal dust velocities shown here on Eif. 1. This difference
comae the reflected flux may be larger, for some probe orbitan be best seen on Fig. 13 of Crifo & Rodionov (1999a). The
than the direct one. The degree of coma anisotropy assumedtiange in the shape gfs) does not affect much the dust density,
F97 (on heuristic grounds) was rather strong, compared to teatept at the smallest and largest sizes, where the present densi-
exhibited by the present model (where the anisotropy is mostilys are considerably greater than in Crifo & Rodionov (1997b).
due to the fact that the homogeneous nucleus considered isBat, as we will indicate, we here study the dust impacts over a
active during the night). Thus, the comparison of the resultssie interval which is smaller than the size interval considered
indicative of the probable range of relative contribution of th@ the gasdynamic code. As in Crifo & Rodionov (1997b), the
reflected and direct dust populations. Finally, the comparisepatial distribution of the dust is found to be weakly dependent
between the results of this paper with those from an isotropipon the dust grain mass; this can be shown to be due in part
model allows us to point out which characteristics of the dust the smallness of the nucleus size: the gas-dust interaction
fluence cannot be revealed by such simplistic isotropic mdéngth can be shown to be proportional to the nucleus charac-
els. This is of course essential in defining safe probe orbititgristic dimension, and the longer it is, the greater will be the

strategies. spatial dispersion between grains of differing mass.
As shown on Fid.11, the presence of a concavity generates a
2. The model couple of shock structures in the coma, which themselves result

in the formation of two approximately hyperbolic layers of en-
hanced dust density (that would appear on images taken from

We assume that 46P/Wirtanen nucleus has the “bean” shapef@eourable directions as “dust jets”). This enhancement of the
fined in Crifo & Rodionov (1997b) — more precisely, the mogiensity is due to the superposition of dust emanating from both
concave one considered there, which has a concavity paramgi@ées of the gas shocks. Thus, to obtain a correct solution of the
h = 0.8. This shape is shown on Fig. 1. In order to be mofresent problem, in the multifluid code, at any given mass, the
consistent with the recent observations of Lamy et al. (1998)@®ins emanating from the left side of the concavity, and those
comet 46P/Wirtanen, a new (reduced) value of the nucleus ctefifanating from its right side, must be represented by separate
acteristic sizek,, = 750 m is adopted here. At each sunlit pointfluids” (see Crifo et al., 1995, Crifo & Rodionov, 19% - b),

of the surface, a sublimation energy budget equation is writt&®, there are all in all 88 dust “fluids”. Each of these dust fluids
and the whole set of these budget equations is solved con8i¥es birth to one additional component of grains “reflected” by
tently with the gas and dust outflow Euler equations, up to &diation pressure, which, strictly speaking, should also be rep-
outer boundary where free outflow conditions are assumed. TRgented by specific fluids in the gasdynamic code! However,
“surface icy area fraction (which characterizes the relativebecause the perturbations of the gas by the dust are (for the
abundance of ice and refractory dust at each point of the sBfesent problem) very small, we ignore these “reflected” grains
face) is set to the constant value 0.9, ensuring a perihéligh  in the gasdynamic model. In doing so, we also ignore the per-
production rate) = 1.2 x 102% molecule per second for theturbation of these reflected grain trajectories by the outflowing
(constant) nucleus orientation considered here. Itis assumed 8fg, an approximation which is probably acceptable outside of
the gas drags a broad distribution of spherical dust grains, regh& gas-dust acceleration region.

sented by 44 sets of single—size grains of masl < i < 44); The gasdynamic code provides the dust mass space density
the masses; are logarithmically equispaced, frofi—20 kgto and velocity vector in the vicinity of the nucleus. We define
3.16 x 10 kg. In contrast with what was assumed in Crifo & Rothe “terminal” dust velocities and space densities as those pre-

2.1. The nucleus, and its gas and dust emission
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Fig. 1. Model nucleus, and resulting gas and dust distribution. The postulated nucleus is shopihedif with the reference cartesian axes
indicated;A is the nodal line of the spacecraft orbit. The Sun is inclined &tfd&m OX, in the XOZ plane (angular sector 45 on the plane
plots). Theupper right panekhows the decimal logarithm of the gas number density in the XOZ planenidiie panelshow the decimal
logarithm of the 0.9Lm radius grains number density in the planes X@ft and XQY (ight). Thelower panelshows the 0.94m radius
grains velocity in the plane XOZI€ft) grains originating from the&Z < 0 surface; ight) grains originating from th& > 0 surface. Note that
the two distributions overlap, to form the pseudo-jet visible on the middiganel

vailing over the surface where the gas drag on the grains lewsrFig[1. These vectors define 3600 radial directiopsvhich
become negligible. This surface (about 10 km from the origisample a complete halfspace (which is sufficient, in view of the
is not a sphere, but is somewhat reminiscent from the nuclexsna symmetry versus tf€OY plane for the present orienta-
shape. Itis defined by a set of radial vectoy$l < j < 3600), tion of the nucleus with respect to the sun). The dust “terminal”
in the reference syste(iX, Y, Z) linked to the nucleus shownmass space densipy, (s)ds and velocity vectow(s) are in-
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Fig. 2. 3D plot of the vectorr; + v;(s) At, in the nucleus-attached frame XYZ, and willt = 100 s. Theleft panelsrefers to the “fluid” of
dust grains originating from th& > 0 half-nucleus, and theght panelto the dust fluid originating from the other half. Note that these two
“fluids” partially overlap in the regionX < 0, Z > 0). The dust radius is = 9.8 10~° m. The axis scale is km. The Sun is in the XZ plane,
45° from the +X and +Z axis.

dependent from the timg since the coma is assumed to be 2000

stationary. In general the; (s) vectors are non—radial, due e.qg.

to the shock structures that the grains encounter during the gas 500
drag. Also, since the model is multifluid, for each radial di-
rection¢;, at any given dust grain mass and given position i, ;5
the near—nucleus coma, several velocity and mass space density
values are possible. Here, because the nucleus has one concav-

ity only, at most two values are possible (corresponding to the ~ 00
mentioned two dust fluids per grain size) so that there are 7200
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is possible to appreciate the expansion of a dust shell initially co- _ _ .
incident with the “terminal” surface. The effect of the gas shoc'Qk'g' 3. Histogram of all th‘i'f;p““f@ values.:l;he 23 dust mass bins

. . ) . . ...are shown, ranging frorh0~"° kg (bin 0) to10™~* kg (bin 22).
structure is apparent, resulting, in particular, in a superposition
of two different dust contributions, and in a markedly non radial
dust motion. In the night side (right side of the left panel of thgasdynamic code is insufficient, since it provides no informa-
figure) the velocity is zero, so that only the terminal surface (dgen on the solar radiation pressure effects, in particular on the
fined by ther; vectors) is visible. The figure also demonstratesgeflected” grain flux, nor on the solar tidal effects. For this pur-
that a single dust mass has many possible terminal velocitigsse, we use a Keplerian fountain model, which computes the
simply due to the nucleus asphericity, so that it becomes impe@igrorous Keplerian heliocentric orbit connecting each terminal
sible to define a biunivocal mass—velocity relation. This is alsirface celk; to the probe position, taking into account the so-
evident in FiglB, which shows an histogram of all thgs). lar radiation pressure and gravity acting on the dust grain. From
For each dust mass, many velocities are possible. The cresg@th a rigorous orbit, the impact velocity vector(s, t) on the
higher velocities is due to the shock structure, while the othgirobe can be computed without any approximation regarding it
lower values come from the remaining dayside coma. We l#hsolute value and orientation. The same result can be reached
lieve that this histogram is specific to the assumed nucleus shagigh classical cometocentric fountain models which take into
and therefore that future simultaneous measurements of velaceount the tidal effects of the solar gravity on the dust motion
ity histograms and of nucleus shapes should provide a sowydmeans of expansion series. Here, such tidal effects are au-

bias for the validation of dust acceleration models. tomatically and rigorously taken into account by heliocentric
Keplerian mechanics.
2.2. Keplerian model and dust collection model In addition to being based on gasdynamic and Keplerian

mechanics, our model incorporates a probabilistic approach. On
The aim of the dust collection model is to compute, for specifighe hand, it provides a simple means of “smoothing” the results
surfaces attached to a specificlly oriented spacecraft on a spegitien the Gasdynamic code. Indeed, due to the poor sampling in
orbit, the differential fluence, the cumulative fluence, the totgblid angles of the gasdynamic outputs, an interpolation of these
number of grains collected and the dust flux: all these quantitmputs is necessary. But, since in general the dust motion is not
will be precisely defined in the following. For this purpose, theadial, it is impossible to define the neighbours of the quantity
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we want to interpolate. We solve this problem by associatit{$y988) have shown that — perhaps surprisingly — this remains
a sharp probability function to each quantity and to sum therie even for the reflected component (radiation pressure being
contribution coming from all the cells for each given space poirdominant), provided that (i) the flight time<¢, s) are small
On the other hand, this prepares a future extension of the mo@elpugh that the change in dust orbit anomaly duriftgs) re-
in which statistical dispersions in grain shape and specific masains smaller thai, and (i) the emission is “locally radial”.
will be introduced, resulting in statistical dispersions of the duBbr the present problem, the first condition is perfectly fulfilled.
velocity amplitude and direction at any point and for any durom Fig[2, one can see that only a few cells near the plane
mass. Thus, (1) we assume that the dust grains leave the coffaY” are deformed by local non-radial motion. Note that, in
cellr; with a velocityv, which is not necessarily equaltg(s). such a case both areds and A, are perpendicular to the start-
We define a probability, [v, v;(s)] that a grain be ejected withing and impact velocity vectors, respectively. Thus, the proper
velocity v, the most probable value being(s). Then, (2) we orientation of the aread, and 4, is taken into account in the
assume that, for eachand ¢, values, grains can be ejectedi(s,t) computation. Inserting the triviah(s) expression for
with a directiong not necessarily coincident with;, and we spherical grains, the differential fluence per orfits), is given
define a probabilityp. [, ¢,(s)] that a grain be ejected in theby:
direction¢, the most probable value being the(s) direction T oo A 2 ) B
[i.e. the directionp; (s)]. Let us call® the effective solid angle f(s)ds = / / / 3 pi(s) rj ult) - [vp(t) = vy(s,?)]
of ejection of these grains (defined py). o Jo Jar  AT®pg $3 [uT(t,s) + 1]

The fundamental quantity to evaluate first is the elemen- x p1[v,v;(s)] p2[d, ¢;(s)] dt dv d¢ ds 4)
tary number of grains which reach a collecting surface along a
given direction of impact. Each dust fluid provides a different
set (;(s), ¢;(s)) at eachr;, so that the following procedureu(t) - [v,(t) — v (s, t)] > [v,(t) — v;(s,t)| cos w (5)
applies separately to each dust fluid. From a given vector set 2

(r;,v;(s)). a given time and a given probe position, only on@ust be considered in the integration of Eq. (4). Harés the
; - dull acceptance angle of the dust collecting experiment; =

Only the grains characterized by

requested. Thus, we can write for the differential number d ) : o
sity dN(s) of dust grains from the set(¢) that are crossing _ The probe velocity vector and its p_osmon In Space are de-
the elementary cell of the terminal surface and that have ortfified by the probe orbital parametegs; the perinucleus dis-

connecting the terminal surface cell to the collecting surface gpceiep, the probe orbit eccentrlcnﬁp., the nodal I|r?e onen-
a given time and position of the spacecraft): ation with respect to th& nucleus axisjv,, the perinucleus

orientation with respect to the nodal line; andthe probe orbit
p;(s) p2lo, di(s)] inclination with respect to th& OY nucleus symmetry plane.
m(s) d For each probe position in space defined by the probe radius

) ) _ vectorr,(t) (computed by means of the five mentioned param-
whered¢ is the elementary solid angle around the direction eters), the dust orbit connecting each comaxehindr, () is

pj(s) is the dust mass space density provided by the dust-ggg,,ted taking into account its initial velocityand the solar
interaction model and(s) is the mass of the grain of size 5 gjation pressure force, thus obtaining the impact dust velocity
The definition of the differential fluence over one probe orbit Gectorv (s, t) and the dust flight time (¢, s). We show in Fig 4
T an histogram of the flight times of all grains collected along a

f(s)ds = dN(s) h(t,s) u(t) - [vp(t) —vs(s,t)] dt. (2) petal-like orbit ofg, = 15 R,, e, = 9.0, Q, = 30°, w, = 30°

0 andi, = 30°. The main crest is due to direct grains, and the
whereT is the probe orbital period;,,(t) is the probe velocity other much lower crests are due to reflected grains. One sees
vector, v (s, t) is the impact dust velocity vecton(t) is the that the times are rather small, excepted at very large masses. It
unit vector perpendicular to the collecting surface, the symbdeans that, to allow for a nucleus rotation, it will be possible to
- denotes the scalar product, aind, s) is defined as it follows. use the present steady model at successive nucleus orientations
Letus call4, the area of the cejlon the terminal surface. Let us(quasi stationary approximation).
consider all grains of sizeejected from this cell in a direction ~ The total number of grains collected (or total fluencg),
. Atthe collecting surface, these grains are spread over an dh@cumulative fluencéy(m), and the dust flux)(t) are given
which we call A, (t, s). By definition, h(t,s) = Ag/A(t,s). DY

dN(s) =

p1lv,v;(s)] ds dv do Q)

Now the problem is to compute For the direct component, it 52
is clear that N = f(s)ds (6)
2 o2
h(s,t) = J . (3) h(m) = f(s)ds @)
0= it uls + .7 = J T
wherer (¢, s) is the flight time fromA, to A,, provided thatthe () = /82 Mds (8)
emission is “locally radial”, i.e. the 8 neighbouring vecters o At

have a common intersection inside the nucleus. Fulle & Sedmakeres; ands, are the limiting sizes considered.
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1.2x107 ¢ anglesi,, wp, §2,,; then, we compute from these fluxes an aver-

1 ox105F age total fluence by integration over all possible Euler’s angles,
: with the weightin ¢,,. We compare the result to what we call an

g.0x10% F “isotropic total fluence™(N;;,) which is the fluence acquired

4f on any orbit of this shape by an uncollimated surface pointed to
' the nucleus, assuming a spherically symmetric dust coma with
the same total dust production ra@s); this fluence does not
depend upon the value of the assumed “isotropic terminal ve-
locity”: (Niso) = j;)T Y;s0(t) dt. Finally, in the following we
also compare the exactly computed dust flux with what we call
the “isotropic dust flux”, which is computed, for any given or-
bit, assuming that the collecting surface is oriented towards the
nucleus center, and that there is no reflected flux as if there was
no solar radiation pressure, i.e.:

Fig. 4. Histogram of aII.the flight times (¢, s) of all grains collected 5o 3 0;(s) 7 r; - vi(s)

along a petal-like orbit ofy, = 15 Ry, Q, = 30°, w, = 30°, ), (t) = / / S dg; ds (11)

i, = 30° ande, = 9.0. The 23 dust mass bins are shown, ranging s Jan 1672 pg 53 1(1)

from 10~ 8 kg (bin 0) to10~* kg (bin 22).

counts
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3. Results

As announced precedingly, we choose the restricted si#e have used the preceding model to compute the dust col-
ranges; = 9 1078m ands, = 3 10~3m. The reason for lection by a spacecraft oriented as the future “Rosetta” orbiter,
it is that, at very small sizes, a single power law distributioke. one of its axissz, is maintained permanently oriented to-
for g(s) provides an exceedingly large impact rate (compar&¢rds the nucleus, while another axjsparallel to that around
to what was measured on board Giotto), while, at exceedingWich the solar panels can be rotated, is maintained perpen-
large sizes, the power law extrapolation is of uncertain valueditular to the direction of the Sun. Thus, we choose forithe
the absence of any data. vectors of Eq. 4, the unit vectdr of +z, the unit vector oft-y,

In the present computations, fop;[v,v;(s)] and J =k x (—u@) (Whereug is the unit vector directed towards
palo, ¢(s)] we assume the following simple distributions:  the sun), and = j x k. Since by spacecraft desigrandz are

perpendicular, theyz frame is rigidly attached to the space-

p1lv,v;(s)] = olv —v;(s)] (9) craft, so that the computed dust impacts refer to well-defined
1wy ]2 spacecraft structures. Thedirection is not defined whenz
exp [100;;;] points towards the sun: in fact in that situation, argxis per-
p2(9, ¢5(s)] _ (10) Pendicular to the: is possible. Moreover, after the passage of
o 73/2 (1 — cos ¢g) erfﬁ the spacecraft of such an eclipse point, the reference system

should be rotated of 180

whereer f is the error function and is the ejection dispersion, e first present results corresponding to a relatively small
which can be interprgted asa smoothing paramet_er: the lowggtt acceptance angle= 40° representative of on-board dust-
¢o value able to provide smooth results is chosen in all presegfjecting instruments; we alternatively consider a set of circular
simulations, and it does never exceed _  orbits having the same large radius, and all possible orientations;

In the following, we will also test the conjecture mentioneghen a set of circular orbits with the same small radius and all
at the beginning of this paper, that the fluence averagedadiveryossiple orientations; then elliptical orbits with the same shape
possible orbits defined by given valuesgfande, “is proba-  anq all possible orientations; finally, a set of so-called “petal-
bly equal” to the fluence integrated ovamesimilar orbit (with jike” orbits with the same shape, but all possible orientations.
arbitrary orientation) and computed using the equivalent 1-D A second group of results correspond to a half space col-

spherical model. In fact, the preceding statement is still imptRction of dust (v = ~), i.e. are suitable for a discussion of the
cise: one must still define which probe surface is considered {Qfcecraft contamination by the dust.

evaluating the fluence. We here will test this conjecture for the

fluence over an exposed surfaee £ =) surfacepermanently _ ) _ )
directed towards the nuclfisFor it, we compute the flux by 3.1. Small acceptance angle: large radius circular orbits

means of Eqgs. (4) and (8) for probe orbits covering all Eulerﬁsg_[g shows the total fluencgy/, as a function of the probe

2 |tis evident that the conjecture is wrong for surfaces permanenﬁr_blt Euler angles, and{1,, for a circular orbit ¢, = 0.01)
oriented at a large angle to the direction of the nucleus, since in éﬁr&h qp = 50 Ry, ~ 37.5km, and for a dust acceptance angle
1-D model, the dust flows strictly radially, but not in 3-D models; o = 40°. This figure can be compared to Fig. 6 in F97, where
the other hand, if the total external surface of the spacecraft is usedds the sameg,, is a little larger (50 km) and the sun-comet
evaluate the fluence, it is easy to show that the conjecture is triviaflistance is 1.76 AU versus 1.06 AU here. In both cases, one
verified, from conservation of the dust flux. sees that the antinucleus directiorz(axis in Fig[h,—z axis in
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Fig. 5. Total fluenceV\ collected during a circular probe orbit with = 37 km, sun—comet distance 1.06 AU and acceptance angte40°.
The different panels refer to various pointing directions: Comet nucleus direetionand its opposite-{z); solar panel axis-{y); direction

perpendicular to thg andz axes (-z). The average fluence collected from the nucleus direction is 1.8i0?, close to the isotropic total
fluence (1.66 1 m~2).

F97) can collect reflected dust only for orbits placing the prolee sun. The fact that here we are dealing with a less anisotropic
between the sun and the comet nucleus. Since in F97 the ocbina is confirmed by the lower ratio between the fluences rela-
angles are defined with respect to the sun, this happens in B9 to thetz axes (about 3 1 in Fig.[8) with respect to F97
for i, = 0,7 andQ, = 0, 7, 2r. On the contrary, in Fidl5 the (about 10 between thetz axes in Fig. 6 of F97). We recalll
probe orbit angles are linked to the nucleus, so that the ortttigt this ratio has a minimum for isotropic comae. In Elg. 5,
placing the probe between the sun and the nucleus are defisiede the adopted dust environment is time independent, all the
by the angles where the fluence has the maximum on-the probe orbits withi,, = 0, 7 and any(2,, must provide the same
direction (a sinusoidal crest). fluence along all the probe axes. On the contrary, since in F97
In F97, since the dust ejection is strongly peaked towarttse dust loss rate is time—dependent, diffef@pivalues imply
the sun, the fluence coming from the nucleus also has its largeesifferent probe position at the starting sun—comet distance, so
values when the probe is between the sun and the comet nucléhe, the fluence for these angles changes according to the comet
i.e. the two 3D fluence plot relative to ther axes (of F97) are activity dependence upon heliocentric distance.
identical. This happens also in Hg. 5. In fact, a sinusoidal crest In F97, thet+y axes are linked to the probe velocity vector,
similar to that relative to the-z axis is visible in+z, although so that they can collect dust when this vector points to the sun.
it is masked by the fact that there is a significant fluence f@nm the contrary, here they axes are always perpendicular
the other probe orbit angles. This, in turn, is due to the presduth to the nucleus and to the sun directions, so that, for a small
much lower dust ejection anisotropy, compared to the dust erwceptance angke, the fluence along these directions must be
vironment assumed in F97, and to the fact that the gas shandro. This is confirmed by the result in Higj. 5. For some probe
which provides the absolute maxima of the fluence relative dobit orientations, thet-z axis points always towards the sun,
the nucleus directiont(z axis), is not exactly pointing towardsin particular when the probe orbit spin points towards the solar
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1 Fig. 6. Flux«(t) (left pane) and cumulative flu-
enceh(m) (right pane) collected during a cir-
cular probe orbit withy, = 37km, e, = 0.01,
wp = 30°,9Q, = 30°,i, = 30°, sun—cometdis-
tance 1.06 AU and acceptance angle= 40°.

1 The different panels refer to various pointing di-
rections: Comet nucleus directio# £, continu-

2 10 Ll Ll ous line); direction perpendicular to theandz
30 —20 =10 0 10 20 30 10 1071 10719 107> 10%  axes (=, dashed line); isotropic flux (constant

time (days) dust mass (kg) dotted line).
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or antisolar direction. Fi§.l5 shows that this happengfee 7 twice. As it must be, the flux of reflected grains on the
and(2, = 7 (and the symmetric case). For these orbitsthe direction is constant. This figure can be compared with Fig. 4
axis in Fig[® corresponds exactly to the axis in F97, and the in F97: the flux of relected grains is very similar, although in
related fluence provides the largest possible collection of pur&l97 it increases with time due to the heliocentric dependence
reflected grains. The comparison confirms that here the ratibthe comet activity. The main difference is that here, due to
between reflected and direct grains which can be collectedti® much lower coma anisotropy, the direct flux always largely
lower (51079 in Fig.[8) thanin F97 (103 in F97, Fig. 6). Taking dominates the reflected one.
into account the different reference systems of the orbitanglesin Fig[4 (bottom) shows a probe orbit with the nodal line
the two figures, the shape of the maxima for the reflected graalgyned to the sun—comet direction, thus allowing solar eclipses
is very similar in the two cases. The main difference betweand exact passages between the sun and the comet. Since the
the two plots is that in Fidl5 the x axis collects dust for every coma shock does not point towards the sun, in this case the
probe orbit orientation, whereas in F97 the fluence relative to theobe does not cross the shock. When the probe is on the day-
corresponding-z axis is exactly zero outside of the favourablside coma, the flux on thez direction is relatively constant. On
orbits because th&y axes are always perpendicular to the suhe nightside coma, a strong night side dip is visible, but during
direction, so that for every probe orbit orientation there is #te solar eclipse the z direction collects reflected grains. It is
least one position on the probe orbit where the axis points obvious that this is possible only because in our model we com-
towards the sun. pletely neglect possible interactions between reflected grains

Figs[6 andl7 show fluxes and cumulative fluences for thraed the gas in the coma, which can well completely prevent any
orbits of the set shown in Figl 5. F[d. 6 shows the flux and tliist detection in this peculiar case (solar eclipse will be avoided
cumulative fluence for an orbit with arbitrary orientation. Thby the Rosetta spacecraft). These are also collected bythe
probe crossing of the coma shock structure is well visible and—z directions, when these directions point towards the sun:
the flux on the+z direction, as well as the strong night-sidesince the probe orbit is circular, all the reflected fluxes are iden-
dip. This flux can be directly compared to the “isotropic fluxtical. As in Figs[6 anfll7 (top), the direct cumulative fluence is
defined precedingly: although the latter is the average ofthe significantly different from the reflected ones. This figure can
flux, the enormous time dependence of theflux is apparent. be compared with Fig. 3 in F97. Regarding the flux on the nu-

The cumulative fluence on thez direction coincides with cleus direction, similar strong day/night effects are observed,
the “isotropic fluence”, because it is dominated by the dust @fthough here the reflected flux is lower than in F97. Moreover,
the dayside coma (direct grains only). For this orbit, the onthe reflected fluxes does not depend on time here, due to the
other direction able to collect reflected grains is the one, stationary coma we assume. Finally, comparing the cumulative
when it points towards the sun. The corresponding cumulatifreences in Fig$.J6 arid 7, we can conclude that their absolute
fluence is clearly different from the 2z one, due to selective values do not depend upon the specific probe orbit orientation.
effects of the solar radiation pressure on the grain sizes.

Fig[d (tqp) shows _the flux and the c_umulatlve fl_uence f%’r.Z. Small acceptance angle: small radius circular orbits
a probe orbit located in the comet terminator. In this case n
night dip is possible, and the probe crosses the coma shéw.[8 shows the total fluence per orbit for the same parameters

as in Fig[h, except that the probe—nucleus distance is now taken
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Fig. 7. Flux«(t) (left pane) and cumulative flu-

] enceh(m) (right pane) collected during a cir-
cular probe orbit withy, = 37km, e, = 0.01,
wp = 30°, Qp, = 90°, i, = 45° (top panel},
ip = 135° (bottom panels sun—comet distance
1.06 AU and acceptance angle = 40°. The

] different lines refer to various pointing direc-
\ tions: Comet nucleus directior-¢, continuous
107 Ll T A L, 100 Y line); direction perpendicular to theandz axes
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time (days) dust mass (kg) line).
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to beq, = 20 R, ~ 15km. Since the probe orbital perioddecreases there as the 6th power of the sun—comet distance, so
increases a@;ﬁ, while the dust space density decreasegés that, wheny, is larger, the probe samples a comet approaching
we must expect an increase of a fao{ng-5 of the collected the sun and becoming more and more active, so that the probe
fluences. This is exactly what happens. Moreover, no differeritas time to collect more dust than during a much shorter orbit
is visible between the plots of F[d. 8 and those of Fig. 5, whexfose to the nucleus.

the preceding scaling is taken into account. This same scaling Fig[9 shows the flux and cumulative fluence for one of the
also applies to the isotropic total fluence: when we average fivebe orbits of Fid.18. In order to distinguish the effects due
fluences relative to the-z axis in Figs[b and]8, taking into to the change in probe—nucleus distance, comparison must be
account the weightin i,,, we obtain 1.67 18 m~2 for g, = made with Figib. In general, the fluxes are higher, due to the
50 R, and 2.66 16 m~ for ¢, = 20 R,,, in perfect agreement lower probe—nucleus distance. The differences among the flu-
with the isotropic values. The same comparison of the to&hces are smaller, due to the much longer probe orbital period in
fluences collected for different, values is provided by Figs. 2 Fig[8 (one month) thanin Fif] 9 (two weeks). Moreover, since
and 6 in F97: surprisingly, the highest fluences are obtaingt probe crosses the coma shock closer to the nucleus, its signa-
there for the highest,. This apparent paradox is explained byure appears sharper. It is clear that the probe—nucleus distance
the time—dependent dust loss rate assumed in F97: the lossirdteduces much smaller variations in the results than the coma
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Fig. 8. Total fluence\ collected during a circular probe orbit withh = 15 km, sun—comet distance 1.06 AU and acceptance angte40°.
The different panels refer to various pointing directions: Comet nucleus diregtionand its opposite z); solar panel axis€y); direction

perpendicular to thg andz axes (-z). The average fluence collected from the nucleus direction is 2.5610?, close to the isotropic total
fluence (2.62 1 m~2).
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Fig.9. Flux v (¢) (left pane) and cumulative
fluenceh(m) (right pane) collected during a
circular probe orbit fog, = 15km, e, = 0.01,
wp = 30°,9Q, = 30°,ip, = 30°, sun—cometdis-
tance 1.06 AU and acceptance angle= 40°.
The different lines refer to various pointing di-
rections: Comet nucleus directio# £, continu-
ous line); direction perpendicular to theandz
axes {-z, dashed line); isotropic flux (constant
dotted line).
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Fig. 10. Total fluenceN collected during an elliptical probe orbit with), = 15km, e, = 0.9, w,, = 30°, sun—comet distance 1.06 AU and
acceptance angle = 40°. The different panels refer to various pointing directions: Comet nucleus direetignahd its opposite z); solar
panel axis {y); direction perpendicular to theandz axes §-x). The average fluence collected from the nucleus direction is 1.95mM 7,
close to the isotropic total fluence (1.91'1@n~2).

anisotropy, entirely confirming on this the conclusions reachéat the node values providing the largest fluence. Since now the
in F97. For this reason, we do not show fluxes and fluences @wbit is not a circle, orbits characterized by zero inclination and
other probe orbit parameters: they can be obtained froniFiglifferent node values are not identical. This explains the large
by appling the proper probe—nucleus distance scaling. fluence variations on thex axis for these probe orbit parame-
ters: the largest fluences are obtained for those orbit orientations
putting the+x axis towards the sun when the probe is closest
to the nucleus. When we neglect these effects, due to the ellip-
Fig.[I0 shows the total fluence per orbit for an elliptical orbtical orbit shape, the two main fluence maxima are similar to
with g, = 20 R,,, e, = 0.9, wp, = 30° andw = 40°. those in Figd.b and 8. Regarding the absolute fluence values,
Since the probe—nucleus distance changes by a factor ®@,see that the fluences on the axis are similar to those in
we would expect fluence changes much greater than in[Big&:i§[3: this is due to the fact that the much longer orbital period
andB. However, although the received dust flux is much lowefthe probe, 320 days versus 12, compensates the much higher
far from the nucleus than close to it, the time the probe speraigrage probe—nucleus distance. On the contrary, the fluence on
far from the nucleus is much longer: these opposite effects tile +x axis is up to five times higher than in Fig.5 (and four
most mutually compensate. In fact, the flux from the nucletisnes than in Fig.B): this shows that the ratio between the direct
direction ¢z axis) is very similar to that in Figlsl 5] 8 ahdl10and reflected fluences depends on the probe orbit excentricity.
Differences are more apparent in the flux of reflected grains:Hinally, the isotropic total fluence (1.91 *¥0m—2) is found very
the antinucleus direction(z), the changes of the peak valuesglose to the averaged fluence on the axis (1.94 18 m—2).
are due to the differing orientation of the elliptical orbit: the Fig[I1 shows the flux and cumulative fluence for individual
axis points towards the sun when the probe is closest to the puobe orbits with the same parameters asifFig. 10[Flg. 11 (top)

3.3. Small acceptance angle: elliptical orbits
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refers to a probe orbit inside the comet terminator. In this caseymulative fluences of direct and reflected grains, respectively,
the isotropic flux well approximates the flux on the direction. show shapes very similar to those in F[d§16, 7,[@nd 9. However,
Since most of the time is spent by the probe very far from tllee ratios among the absolute values change. In particular, in
nucleus, the shock crossings are notvisible. The flux of reflectéig).[T1 the ratio of the cumulative fluence on the direction
grains on thet-x direction is interestingly almost constant fareaches its highest values, due to the slower decrease of the
from the nucleus, differing on this from the direct one. Eig. 1dorresponding reflected flux far from the nucleus with respect
(bottom) considers a probe orbit with its nodal line aligned to the direct grains one.

the sun—comet direction. In this case, the isotropic flux provides
a completely meaningless prediction. This further confirms th§1t4
the coma anisotropy, coupled to the probe orbit orientation, s
by far the comet feature exerting the strongest influence on fbee to their very long orbital period, it is improbable that el-
results. In FiglZ1 (bottom), a very strong night dip is observeliptical orbits will be adopted in order to sample different coma
Moreover, since thetrz direction points to the sun when thedistances. Petal-like orbits offer an useful alternative for such a
probe is very far fromthe sun, no reflected dust is collected in therpose. They simply consists of two hyperbolic arches: when
nucleus direction, in contrast with what happens in[Eigy. 12. Thize probe reaches the largest nucleus distand®’gtom the

. Small acceptance angle: petal-like orbits
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Fig. 12. Total fluenceN collected during a petal-like probe orbit wigh = 15km, e, = 9.0, w, = 30°, sun—comet distance 1.06 AU and
acceptance angte = 40°. The different panels refer to various pointing directions: Comet nucleus diregtignad its opposite z); solar

panel axis {); direction perpendicular to thgandz axes ¢x). The average fluence collected from the nucleus direction is 8. 5107,
close to the isotropic total fluence (8.48'3@n—2).

perinucleus, thrusters are activated to inject the probe in tie double perinucleus passage of each petal-like orbit, while
corresponding symmetrical hyperbolic arch. Thus one obtaihe former is more complex, due both to the shock crossing
a much shorter orbital period, but the price to pay is a high fu@ghe highest flux peak) and to the nightside coma pass (dip). For
consumption. the particular probe orbit orientation adopted here theaxis
Fig[I2 shows the total fluences for the following petal-likpoints to the sun for most of the time spent far from the nucleus.
orbits: g, = 20 R, e, = 9.0, w, = 30° andw = 40°. Due The ratio of the reflected fluence to the direct one is the same
to their shape, petal-like orbits have two perinucleus passesdbserved in all previous fluence plots.
each orbit. However, the plots in HIgl12 do not reveal it, since Fig.14 considers the same petal-like orbit, but located at the
at least one of these passes lies in the nightside coma. Thus;@thet terminator: in this case, the isotropic flux is in good agree-
the plots are very similar to those in HIg110. The lower absoluteent with the real one. As usually, this orbit orientation provides
values are simply due to the much shorter orbital period, #ie highest value of the reflected flux and fluence.[Elly. 15 shows
days versus 320. The adopted orbits introduces probe—nucléna, changing the probe orbit orientation, the differences be-
distance variations of a factor 10, similar to the adopted ellipticdabeen the isotropic flux and the real one can become enormous.
orbit. For the same reason, the ratio between the direct dfat an orbit with the nodal line aligned to the sun—comet di-
reflected fluences is similar to the elliptical case, i.e., is in botaction, which does not cross the coma shock, the dayside orbit
cases higher than for circular orbits. Here also, we find thatovides similar isotropic and real dust fluxes. On the contrary,
the isotropic total fluence (8.48 ¥0m=2) is very close to the on the nightside, the isotropic flux is totally in error. As usually,
averaged fluence on thez axis (8.51 16" m—2). this orbit allows the—z axis to collect reflected grains, when
Fig[13 presents the flux and cumulative fluence for one arlfire probe is between the sun and the nucleus.
trarily selected petal-like probe orbit. The latter simply reflects
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Fig. 13. Flux (¢) (left pane) and cumula-
tive fluenceh(m) (right pane) collected dur-
5 1021 , ing a petal-like probe orbit witly, = 15km,

ep = 9.0, w, = 30°, Q, = 30°, 4, = 30°,
sun—comet distance 1.06 AU and acceptance an-
glew = 40°. The different lines refer to vari-
ous pointing directions: Comet nucleus direction
ol o 10720 e N (42, continuous line); direction perpendicular to
10 -5 0 5 10 15 20 10729 1071 10719 107> 10”  theyandz axes ¢z, dashed line); isotropic flux
time (days) dust mass (kq) (upper dotted line).
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1 Fig. 14. Flux (¢) (left pane) and cumula-

tive fluenceh(m) (right pane) collected dur-

ing a petal-like probe orbit witly, = 15km,

ep = 9.0, w, = 30°, Q, = 90°, i, = 45°,

sun—comet distance 1.06 AU and acceptance an-

] gle w = 40°. The different lines refer to vari-

ous pointing directions: Comet nucleus direction

1072 L e 1072l N (+2z, continuous line); direction perpendicular to
~10 -5 0 5 10 15 20 10729 10712 10719 107> 109 theyandzaxes ¢z, dashed line); isotropic flux

time (days) dust mass (kq) (upper dotted line).

dust flux (s™ m™)

3.5. Hemispherical acceptance, circular orbits +2 axis in Fig[5. This is the conclusions arrived at in F97. The
with a large radius other surfaces are now also able to collect direct grains, thanks

. . . to the large acceptance angle, so that the fluences alongthe
In Fig [T8 we return to the probe orbit parameters of[Hig. 5, bgﬁd St aies arepvery similgar to that alongz. The absgﬁ/tte
now the dust acceptance angle is setito= 180°. In other i

words, FigEIB shows the dust total fluence on exposed pro alues are however lower, since these surfaces collect only non
surfac'es 9 P prof %ially moving direct grains, and since the collection efficiency

o ._is further reduced by the flux scalar product in Eq. 1. Still, the

As expected, the fluence on the: axis is the same as in - ;
. . . : . non radiality of the direct dust flux allows these surface to collect
Fig.H, since direct grains largely dominate on the reflected ON&Bout the 0.5% of the direct dust flux collected on the nucleus

IQSSS?(J)I\E\‘/S tareelglrﬁzrzgf:gortgii:gt:lljedzllljsv\(/jslr'i)cggﬁexcfgijst‘ficg?diOn: this is thousands times more than the reflected dust
. '9 P ge a S ux! This demonstrates that the proper allowance for non radial

all probe orientations, except those keeping the direction of the L . :
S . ) o ust motion is fundamental for the design of an orbital strategy
sun inside this surface during the whole probe orbit. Since thes

. . . Which can eliminate or minimize the contamination of critical
orbits are exactly those putting ther axis towards the sun dur- .
) h S . urfaces (e.g. radiators).
ing the whole probe orbit, these minima are obtained exactly f%r
the probe orbit angles providing the largest fluences along the
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107 tive fluenceh(m) (right pane) collected dur-
ing a petal-like probe orbit witly, = 15km,
102k ep = 9.0, w, = 30°,Q, = 90°, 4, = 135°,
sun—comet distance 1.06 AU and acceptance an-
gle w = 40°. The different lines refer to vari-
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Fig. 16. Total fluenceV collected during a circular probe orbit wigh = 37 km, sun—comet distance 1.06 AU and acceptance angte180°.
The different panels refer to various pointing directions: Comet nucleus direetionand its opposite z); solar panel axis€y); direction
perpendicular to thg andz axes ¢-z). The average fluence collected from the nucleus direction is 1.87M0?, close to the isotropic total

fluence (1.66 18 m~2).
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Fig.17. Flux v(¢) (left pane) and cumula-
tive fluenceh(m) (right pane) collected dur-
ing a circular probe orbit withy, = 15km,

e, = 0.01, w, = 30°, Q, = 30°, i, = 30°,
sun—comet distance 1.06 AU and acceptance an-
glew = 180°. The different lines refer to var-
ious pointing directions: Comet nucleus direc-
tion (42, continuous line) and its opposite £,
lower dotted line); solar panel directios{;, dot
dashed line) and its opposite {, three dot and
dashedline); direction perpendicular to thend

z axes (+x, dashed line); isotropic flux (constant
upper dotted line).

Fig.18. Flux (¢) (left pane) and cumula-
tive fluenceh(m) (right pane) collected dur-
ing a circular probe orbit withy, = 15km,

ep = 0.01, wp, = 30°, Qp, = 90°, 4, = 135°,
sun—comet distance 1.06 AU and acceptance an-
glew = 180°. The different lines refer to var-
ious pointing directions: Comet nucleus direc-
tion (42, continuous line) and its opposite £,
lower dotted line); solar panel directiom , dot
dashed line) and its opposite ¢, three dot and
dashedline); direction perpendicular to thend

z axes (-x, dashed line); isotropic flux (constant

upper dotted line).

Fig[I7 shows the corresponding flux and cumulative fluenftax is dominated by direct grains, although the absolute values
for an acceptance angle= 180° and for an arbitrarily oriented are reduced by the scalar product effect. As in[Eiy. 16, we can
probe orbit, which can be directly compared to Eig. 9 in order tmnclude that on these surfaces the flux of direct grains reaches
check the changes dueto th@arameter. Regarding the nucleu§ % of that on the nucleus facing surface, a value much higher
direction, the flux when the probe is on the sunsided coma is than that due to reflected grains.
same. Onthe contrary, due to the wider acceptance anglezthe  These conclusions are confirmed by Fig$.[18, 19[add 20,
direction is able here to collect reflected grains when the profegated to other probe orbit parameters.
is in the nightside coma, so that the degp flux minimum is
deeper in Fig.19 (no reflected grains collected) than in[Elg. 14. Discussion
For the same reason, the antinucleus direction is able to collect ) ) ) o
reflected grains when the probe is on the sunsided coma. All {Hgtil now, studies of the dust impacts on probes in the vicinity
other surfaces are dominated by reflected grains. The cumulafif@ cometary nucleus have assumed a point source of dust, and,
fluences show that the ratio of direct and reflected cumulatiizON€ exception, an isotropic source. This paper provides the
fluences s the same in Figié. 9 17. Thanks to the non radiafl'i’i?t study in which (1) the extended character of the source rep-

of the motion of direct grains, on they and+= surfaces, the resented by the nucleus surface is taken into account, and (2) a
non-spherical nucleus is considered (giving birth to an inhomo-
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Fig.19. Flux (¢) (left pane) and cumula-
tive fluenceh(m) (right pane) collected dur-
ing a probe orbit withg, = 15km, e, = 0.9,
wp = 30°,9Q, = 30°,7, = 30°, sun—cometdis-
tance 1.06 AU and acceptance angle= 180°.
The different lines refer to various pointing di-
rections: Comet nucleus directio# £, continu-
ousline) and its opposite(z, lower dotted line);
solar panel directiony, dot dashed line) and
its opposite €y, three dot and dashed line); di-
rection perpendicular to the and z axes {x,
dashed line); isotropic flux (constant upper dot-
ted line).

Fig. 20. Flux v (t) (left pane) and cumulative
fluenceh(m) (right pane) collected during a
probe orbit withg, = 15km, e, = 0.9, w, =
30°, 2, = 90°, 4, = 135°, sun—comet distance
1.06 AU and acceptance angle= 180°. The
different lines refer to various pointing direc-
tions: Comet nucleus directior-¢, continuous
line) and its oppositez, lower dotted line);
solar panel direction{y, dot dashed line) and
its opposite €y, three dot and dashed line); di-
rection perpendicular to the and z axes {x,
dashed line); isotropic flux (constant upper dot-
ted line).

geneous dust coma). The numerical parameters are adaptetiviclual total fluence values related to the individual orbits are

the future “Rosetta” mission, and the results are provided for taected by changes up to a factor 5. This is due to the present
Rosetta orbiter axes, so that the pollution on all probe surfac@sna anisotropy. Since the nucleus surface is assumed here
can be directly evaluated. These results provides the first eya+fectly homogeneous, thus building up a coma presumably
uation of the limitations and of the validity of the isotropic fluxcharacterized by the lowest possible anisotropy, this scatter in
model, since no comparison with an isotropic model was dotiee total fluence should be a lower limit. We can conclude that
in F97. Conversely, this comparison allows us to conclude thiabtropic models can provide total fluences which are affected
our present results regarding direct grains are surely free of ley-an intrinsic error of at least a factor 5, simply due to the
rors due to model normalizations, because the fluence averdgesst possible coma anisotropy. Furthermore, they are unable
provided by the isotropic model and by our present dust modelgive information on the flux changes from orbit to orbit. The
are perfectly consistent for all the probe orbits configuratiombanges found here confirm qualitatively the results of F97, but
we have taken into account. are much larger: they reach orders of magnitude, with an in-
While the average of the dust flux and fluence on-the crease of a factor 10 when the probe crosses the shocks in the
Rosetta axis (the nucleus direction) over the whole set of pratiema, and with decreases of many orders of magnitude in the
orbits is in perfect agreement with the isotropic model, the imightside coma. This definitely confirms that isotropic models
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cannot provide more than averages over the whole probe orhitstatistical method whereby a set of parameters representing
they cannot predict the dust flux on a probe orbiting in a réie possible properties of an unknown but physically plausible
stricted circumnuclear region. They also are unable to givenacleus are varied, and the associated fluences computed, is
correct estimate of the flux of reflected grains, or of the fluxeslequate. This work is only a modest step towards it.
affecting surfaces other than that oriented towards the nucleus.Returning to the comparison between F97 and the present
The comparison of the results of this paper with those otesults, it is possible that F97 thus provides an upper limit flux
tained by F97 where a point like source, much more anisotropitreflected grains and that the comparison of the two results
than the present one, was assumed, suggest to use both resulfisés an estimate of the uncertainty range of the ratio between
quantify the uncertainty in the poorly known ratio between thée reflected and the direct fluence. This ratio has an upper limit
“direct” and the “reflected” fluences. However, it might be nedrom 10~3 to 10~ in F97, and a lower limit fromi0~" to 10—°
essary to clarify first which relation the F97 model bears to theere. Both lower limits refer to circular orbits. For elongated
present approach, in other words: can an ab-initio model of thees (elliptical or petal-like), this ratio can reathr*. The
kind envisioned here be equivalent (for distant encounters)l#émge uncertainty of these results suggests that this ratio could
an effective dust source of the kind derived in Fulle et al. (1996¢ used as an indirect information on the real coma anisotropy,
and used in F97? This in essentially an unanswered questiamd that the measure of the dust flux in directions different from
as we now discuss. that of the nucleus will provide useful constraints on the dust
We may ask whether the present computed dust sourcenisdels of the coma. Due to the strong coma anisotropy they
compatible or not with the Giotto results, i.e., would it be posdopted, F97 found that for many favourable orbits the flux of
sible or not to force a source of the kind compute here to theflected grains was higher than the direct one. With the 3D
Didsy data? Note that since the range of ejection times of tbema adopted here, this never happens. This fact further con-
grains collected by DIDSY is from hours to months, the physictitms that the direct/reflected fluence ratio is very sensitive to
significance of this question is limited, since no nucleus can the dust environment anisotropy. The only way to collect surely
reasonably assumed three-axis stabilized over such along peraftkbcted grains is to point collectors with tight acceptance an-
of time. Fulle et al. (1995) showed that the large grain excessgiés (e.g40°) towards the presentx probe axis (the-z axis
the DIDSY fluence is consistent with a power-law distributioheing forbidden, due to engineering constraints). Sincerthe
if and only if Halley’s coma is strongly anisotropic; howeveraxis is that of the solar panels, this direction will be always pro-
that the dust need to have a power-law spectrum is not proveetted against the reflected grains if tight acceptance angles are
spatial anisotropy can be traded against size spectrum changdepted.
but this also is a formal exercise without much physical signif- The non radial dust motions (induced by the coma shocks
icance. Finally a certain degree of coma anisotropy is requiredby the boundary between the day and the night) have a fun-
to fit the strong difference between pre and post flyby Giotttamental effect on the dust flux on the probe surfaces which
fluences, but, at the present time, this minimal amount has does not point to the nucleus. Surprisingly, the flux on these
yet been assessed; the coma anisotropy assumed in Fulle etuaface which never face the nucleus is not dominated by re-
(1995) produced in fact an excessive difference, so that futdiected grains, but by direct ones. In fact, the dust flux on the
computations are needed to evaluate the best-fit anisotropy.exposed surfaces pointing towards the and+y axes is up
More fundamentally, the idea of using the fit of Fulle et ato 1% of the flux on the nucleus-facing surface. Since this flux
(1995) to predict near-nucleus fluences is susceptible to the sasmauch higher than the largest possible reflected one, it can be
fundamental criticism adressed to the use of outer coma @ady due to the non radial motion of direct grains. The present
and dust data to infer detailed properties of the nucleus andstady thus provides the first reliable estimate of the flux on
vicinity (Crifo & Rodionov, 1998a): little information on thesesurfaces which should be maintained completely free of dust
regions is in fact contained in the input observations, so thadllution, e.g. radiators, and should provide useful constraints
little conclusions are at all reachable. There is an unavoidaldethe construction of these devices.
large arbitrariness in the derivation of the dust source of Fulle et The cumulative fluences (functions of the dust mass) are
al. (1995): the Giotto detector did only sample a segment acréssnd to be independent from the adopted orbit. The “direct”
P/Halley’s coma which corresponds to very small space—tiroaes are perfectly consistent with those provided by isotropic
elements of the time—dependent Halley’s dust coma. A universabdels. In other words, when the impact velocities of the col-
simple source law has been forced to fit these meager data,lbated grains will be available, it will be possible to infer the
there is after all no proof that another distribution would natource dust size distribution starting from the cumulative flu-
perform as well or even better. There is also no guaranty tteaice corresponding to thez axis. This result, in agreement
this simple fitted source would be compatible with the fluencesth F97, is a great advantage with respect to dust experiments
that would have been measured in other space-time regionplaiced on fly—by missions, which are always heavily affected
P/Halley’s dust coma, if the mission had had more measurihg dynamical artifacts, which mask the original size distribution
capabilities. (Fulle et al. 1995). On the contrary, these dynamical artifacts
In conclusion on this, it seems of little physical significancaffect the cumulative fluence collected on the other probe axis.
to fit extremely limited outer coma dust data with a realistic dustowever, it seems that the deformations introduced by these
emission model; when near-nucleus fluences are needed, alylgamical effects do not depend on the prescise probe orbit.
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Unfortunately, on board the Rosetta orbiter, it is not plann&xtifo J.F., Rodionov A.V., 1997a, Icarus 127, 319
to perform measurements of the cumulative fluence versus méo J.F., Rod?onov A.V,, 1997b, Icarus 129, 72 _
dust mass in these directions, even though they would provfdéfo J.F., Rodionov A.V., 1999a, Planet Space Sci. 797-826

further useful observational constraints to model the source dg&fo J-F., Rodionov A.V., 1999b, PASP, in press
size distribution. Fulle M., Sedmak G., 1988, Icarus 74, 383
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