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Abstract. We studied the impact of Solar System millimetric and submillimetric
emission from minor bodies and diffuse interplanetary dust as source of fore-
grounds for Planck, representing at the same time a contamination and a sci-
entific opportunity. Up to 400 asteroids of the Main Belt may be detected by
Planck and about 50 – 100 of them are bright enough to be observed with some
photometrical accuracy. Extrapolating the COBE measures, we estimate that the
highest frequency channels of Planck will have enough sensitivity to detected
and measure with a good accuracy the brightness of the diffuse emission from in-
terplanetary dust, giving insights on the unknown population of grains with sizes
of 0.1 mm – 1 cm.
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1. Introduction

The ESA Planck mission 1, scheduled for
launch in 2007, will produce nearly full
sky maps at the frequencies of 30, 44, and
70 GHz (Low Frequency Instrument, LFI)
and 100, 143, 217, 353, 545 and 857 GHz
(High Frequency Instrument, HFI) with an
unprecedented resolution (FWHM from '
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1 http://astro.estec.esa.nl/Planck/

33′ to ' 5′) and sensitivity (in the range of
' 10− 40 mJy on a FWHM2 resolution el-
ement). One relevant source of foreground
contamination will be the emission from
different components of the Solar System,
as planets, minor bodies and diffuse inter-
planetary dust. These emissions should to
be accounted for analyzing fainter objects.
At the same time, they represent interest-
ing subjects of scientific analysis. We briefly
present here the current status of a research
program aimed to asses such contributions
in the context of the Planck mission.
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2. Scanning strategy implications

The LFI beams are located in a ring with
a radius of about 4◦ on the Planck tele-
scope field of view around the telescope
line of sight (LOS) pointing at a scan an-
gle α = 85◦ from the satellite spin axis al-
ways parallel to the antisolar direction dur-
ing the mission, shifted each hour of an an-
gle ∆θs = 2.5′ (1◦ per day) in order to
follow the revolution of the L2 Lagrangian
point of the Sun-Earth System where the
Planck Lissajous orbit is placed, and spin-
ning at 1 r.p.m. (the detailed scanning
strategy is currently under study). The HFI
beams, located closer to the center, may
be also at few degrees from the LOS. The
general properties of the Planck scanning
strategy and focal plane imply that only
objects located at ∼ 80◦−90◦ from the Sun
will enter the large circles traced in the sky
by the main beams.

3. Asteroids and discrete objects

We have rescaled the instrument sensitivi-
ties, calculated by the LFI and HFI teams
for sources fixed in the sky, introducing ap-
propriate ranges of degradation factors to
properly account for the variable positions
in the sky, and with respect to the Planck
beams, of the Solar System moving objects:
although depending on the considered fre-
quency channel, this sensitivity degrada-
tion is approximately in the range 2 – 5.
In this way, a detection threshold for as-
teroidal detection can be derived, and it
is mainly related to the asteroid diameter
and geocentric distance. Assuming a typi-
cal asteroid temperature of about 100 K,
only objects with a diameter-to-distance
ratio larger than about 10−7 can produce
a signal-to-noise ratio larger than unity.
We have developed a numerical code that
models the detection of such asteroids in
the LFI and HFI channels during the mis-
sion. This code performs a detailed integra-
tion of the asteroid orbits during the mis-
sion and identifies those bodies that fall in
the beams of Planck, including their sig-

nal strength. According to our simulations,
a total of 397 objects will be observed by
Planck and an asteroidal body will be
detected in some beam in 30% of the to-
tal sky scan–circles. A significant fraction
(in the range from ∼ 50 to 100 objects)
of the 397 asteroids will be observed with a
good signal-to-noise ratio (Cremonese et al.
Cremonese 2002).

Flux measurements of a large sample of
asteroids in the (sub)mm range are rele-
vant since they allow to analyze the ther-
mal emission and its relation to the sur-
face and regolith properties. Furthermore,
it will be possible to check on a wider base
the two standard thermal models, based on
a non-rotating or rapidly rotating sphere.

Our method can also be used to sepa-
rate Solar System sources from cosmolog-
ical sources in the survey and to flag the
data possibly affected by a non negligible
contamination from asteroid signals, also
for fainter objects.

Modeling comet signals in the Planck
data streams is more difficult, because of
the poor knowledge of their microwave con-
tinuum and line emission and, in part, be-
cause of the year-by-year variance of the
number of observable sources. We are in-
vestigating this topic on the basis of the
physical and statistical information accu-
mulated in the recent years.

Dust released by comets form trails
with some arcminutes in width and ex-
tending over the sky for tens of degrees.
Detected for the first time by IRAS (Low et
al. Low 1984) many of them have been al-
ready detected and mapped, others have to
be discovered. The possibility for Planck
to detect and map trails is still not as-
sessed. The problem of trails detection is
parallel to the problem of detection of the
bands of asteroidal dust in the Zodiacal
Light Emission. From preliminary results
for dust bands, it is reasonable to expect
that Planck will be able to map at least
dust trails already known.

For what concerns the external planets,
a 1% accuracy, or better, absolute mea-
surement of their brightness temperature
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at millimeter wavelengths, currently known
with only some % of accuracy, will be a di-
rect by-product of the in-flight main beam
reconstruction and dipole calibration of the
Planck data analysis pipeline (Burigana
et al. Burigana 1997).

4. Diffuse emissions

The Zodiacal Light Emission (ZLE) due to
thermal irradiation from the Interplanetary
Dust Particles (IDPs) is the Far-IR coun-
terpart of the familiar Zodiacal Light due to
scattering of the solar light by IDPs. Most
of the properties of the ZLE below 300 µm
have been studied by IRAS (Wheelock
et al. Wheelock 1994), COBE (Kelsall
et al. Kelsall 1998) and ISO (Reach et al.
Reach 1996). Peaking at λ ≈ 10 µm, the
ZLE is one of the major contributors to the
sky background in the Far-IR domain at
low ecliptic latitudes. Although its contri-
bution is very weak at the Planck lowest
frequencies, it is expected to be observable
at the Planck highest frequencies.

Our starting point is the model of Kelsal
et al. (Kelsall 1998) based on COBE
data (hereafter indicated as COBE-model).
It describes in details the emissivity of
the IDPs cloud, assumed to extend up to
5.2 AU far from the Sun, for wavelengths up
to about 300 µm. According to the COBE-
model four components contribute to the
ZLE: the smooth component, the Earth or-
bit locked ring of dust, the spherical compo-
nent, three bands of dust. In this work only
the smooth component has been considered
since it largely dominates the other ones.
The analysis of the other components, as of
the plausible, but not yet discovered, con-
tribution from the Kuiper Belt dust grains
(Landgraf et al. Landgraf 2002), will be the
subject of a more detailed work. Differently
from other foregrounds, the ZLE is best de-
tected, and possibly removed, in the data
streams rather than in the maps. In fact,
the most relevant ZLE signature is a large
scale modulation due to the rotation of the
telescope during the scan, coupled to a sea-
sonal modulation due to the change of the

Planck position within the IDPs cloud
during the mission, while averaging mea-
surements of the same sky region, taken
under quite different conditions during the
mission to produce a map, would remove
the intrinsic variability of this signature.

Combining the COBE-model for the
ZLE, the maps of Schlegel, Finkbeiner,
Davis (Schlegel 1998) with the pre-
scriptions of Finkbeiner, Davis, Schlegel
(Finkbeiner 1999) for the Galaxy and by
using an updated version of the Planck
mission simulator by Burigana et al.
(Burigana 1997), the signal Ff (P, r) ex-
pected at Planck frequencies has been
generated for a list of pointings P and helio-
centric positions r assumed by the satellite
during the mission:

Ff (P, r) = EfZf (P, r) + Gf (P) + nf ; (1)

here Ef is the emissivity correction for the
ZLE; Zf (P, r) is the spatial pattern for
the ZLE, representing the expected emis-
sivity for grains behaving as black-bodies;
Gf (P) is the signal of the Galaxy and nf

is the instrumental noise. The departure of
the emissivity of the IDPs from a perfect
black-body depends on their properties. It
is quantified in the model through the Ef

coefficient. A measure of Ef at Planck
frequencies (as an example at 857 GHz,
E857 GHz) would represent an important re-
sult for the mission. These frequencies are
in fact sensitive to emission from grains
with sizes ranging in the 0.1 mm ÷ 10 mm
interval (i.e. grains with size a ≈ c/2πf)
whose properties are still not well known.
For this work Ef has been extrapolated
at Planck frequencies from the COBE-
model. There Ef ∝ fp with p = 0.32±0.07
for f > 1200 GHz giving E857 GHz ≈ 1/2,
within an uncertainty of a factor ∼ 2.

Figure 1 represents a piece of a sim-
ulated data stream at 857 GHz sampled
with a resolution of 1◦ and without noise.
Maxima in ZLE (red line) represents the
flux when P crosses the plane of the IDPs
cloud. Minima instead occurs when P is or-
thogonal to it. A complete period, for ex-
ample between two peaks, corresponds to
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Fig. 1. Simulated data stream of fluxes (MJy/sterad) measured at 857 GHz for the ZLE
- smooth component (red), the Galaxy (green) and the sum of the two (blue).

the completion of one scan circle. The green
line represents the Galaxy while the sum
of ZLE and Galaxy is in blue. The ZLE
signal at 857 GHz is comparable to the
Galaxy at low ecliptic latitudes where the
Galaxy is weak, contributing with a peak
power density of ≈ 0.8+0.8

−0.4 MJy/sterad.
The ZLE is stronger than the Galaxy only
at low ecliptic latitudes and for a small
fraction of the sky. It is detectable because
the Galactic plane is tilted over the eclip-
tic. Given the weakness of the ZLE signal,
its separation from the other components
can not be accomplished with already de-
veloped techniques successfully applied to
maps. However, Planck may take advan-
tage from the fact that it will accomplish
a full scan of the sky every seven months
and at least two scans are expected within
the nominal mission. For many pointing di-
rections P, at least two observations (one
for each scan) taken from quite different
positions r within the cloud of IDPs will
be then available. The background Galaxy
will give the same contribution for each ob-
servation: the difference between the two
observations will be then due to ZLE plus
noise. From eq. (1) it is evident how assum-
ing Zf (P, r) to be known from the COBE-
model (or any other model) Ef may be es-
timated by least squares. The expected ac-
curacy in the determination of E857 GHz is
2 × 10−3. Consequently a detection at 5σ

is possible provided that E857 GHz > 10−2.
In addition, it will be possible to deter-
mine E857 GHz with an accuracy ' 20, 4, 2
and 0.4% respectively for E857 GHz ' 10−2,
5× 10−2, 10−1 and 5× 10−1.
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