Experimental Astronomy manuscript No.
(will be inserted by the editor)

Herschel celestial calibration sources

Four large main-belt asteroids as prime flux calibrators for the
far-IR/sub-mm range
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Abstract Celestial standards play a major role in observationabphiysics. They
are needed to characterise the performance of instrumadtar@ paramount for
photometric calibration. During the Herschel Calibratissteroid Preparatory Pro-
gramme approximately 50 asteroids have been establishéar-#:/sub-mm/mm
calibrators for Herschel. The selected asteroids fill the §ap between the sub-
mm/mm calibrators Mars, Uranus and Neptune, and the midrighbcalibration
stars. All three Herschel instruments observed asteroidgdrious calibration pur-
poses, including pointing tests, absolute flux calibratieative spectral response
function, observing mode validation, and cross-calilbraspects. Here we present
newly established models for the four large and well charaztd main-belt aster-
oids (1) Ceres, (2) Pallas, (4) Vesta, and (21) Lutetia witiah be considered as
new prime flux calibrators. The relevant object-specifiqgrties (size, shape, spin-
properties, albedo, thermal properties) are well estabtisThe seasonal (distance to
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Sun, distance to observer, phase angle, aspect angle) andatétions (rotation)
are included in a new thermophysical model setup for theggets The thermo-
physical model predictions agree within 5% with the avdéaland independently
calibrated) Herschel measurements. The four objects ¢bedlux regime from just
below 1,000Jy (Ceres at mid-IR N-/Q-band) down to fluxes Wweddol Jy (Lutetia
at the longest wavelengths). Based on the comparison wi@SPASPIRE and HIFI
measurements and pre-Herschel experience, the validibhest new prime calibra-
tors ranges from mid-infrared to about 706, connecting nicely the absolute stel-
lar reference system in the mid-IR with the planet-baseithictlon at sub-mm/mm
wavelengths.

Keywords Herschel Space ObservatorfPACS - SPIRE- HIFI - Far-infrared:
Instrumentation Calibration- Celestial standardsAsteroids

1 Introduction

With the availability of the full thermal infrared (IR) walength range (from a few
microns to the millimetre range) through balloon, airboamel spaceborne instru-
ments, it became necessary to establish new calibratiodatds and to develop new
calibration strategies. Instruments working at mm-/cnvelangths were mainly cal-
ibrated against the planets Mars, Uranus and Neptune [@2g44,62,72,21]), while
the mid-IR range was always tied to stellar models (e.g..46711,12,19,20, 66,82,
14]). For the far-IR/sub-mm regime no optimal calibratoesgavailable right from
the beginning: the stars are often too faint for calibraigpects which require high
signal-to-noise (S/N) ratios or are problematic in casee#rAR filter leak. The
planets are very bright and not point-like anymore. Theyaaesing saturation or
detector non-linearity effects. Between these two typesabtibrators there remained
a gap of more than two orders of magnitude in flux. This gap wkeslfby sets of
well-known and well-characterized asteroids and theiresponding model predic-
tions (e.g., [3,48,50,75,26,53]). Figure 1 shows the flaxslength regime covered
by the three types of objects typically used for calibragmmposes at far-IR/sub-
mm/mm wavelength range.

The idea of using asteroids for calibration purposes goek tmalRAS [3]. The
IRAS 12, 25 and 6(xm bands were calibrated via stellar models and in that way con
nected to groundbased N- and Q-band measurements. But gini@@ither stellar
model extrapolations nor planet models were considerégabtel Asteroids solved
the problem. Models for a selected sample of large mainastdtroids were used to
“transfer” the observed IRAS §0m fluxes out to 10@m and calibrate in that way
the IRAS 10Qum band [3].

There was an independent attempt to establish a set of sagocaibrators at
sub-millimetre (sub-mm) wavelengths to fill the gap betwstams and planets [71].
Ultra-Compact H-1l regions, protostars, protoplanetagpulae and AGB-stars were
selected, but often these sources are embedded in dusselduich produce a strong

1 Near-IR filter leaks are photometrically problematic wheamlR bright objects -like stars- are ob-
served in far-IR bands.
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Fig. 1 Overview with the flux densities of the different far-IR/sobm/mm calibrators. The Uranus and

Neptune SEDs represent the minimum and maximum fluxes dttémgchel visibility phases. Three fidu-

cial stars are also shown, their flux coverage is represeatat the brightest stellar calibrators. For Ceres
and Lutetia we show the minimum and maximum fluxes during ¢tesobservations.

and sometimes variable background. The modeling provesdifticult and accurate
far-IR extrapolations are almost impossible.

The Infrared Space Observatory (ISO) [28] was also laclketigltle photometric
standards at far-IR wavelength (50 - 25@®) in the flux regime between the stars [24,
11,12] and the planetary calibrators Uranus and Neptuné238,29, 74]. Muller
& Lagerros [46] provided a set of 10 asteroids, based on dqusly developed ther-
mophysical model code by Lagerros [32—34]. These sources leen extensively
observed by ISO for the far-IR photometric calibration, festing relative spectral
response functions and for many technical instrument atedlisapurposes.

AKARI [59] followed the same route to calibrate the Far-bried Surveyor (FIS)
[26] via stars, asteroids and planets in the wavelengthiseeg0 - 20Qum.

The Spitzer mission [81] considered in the beginning ondyssfor calibration
purposes. But due to a near-IR filter leak of the MIPS [68] aiOband, the calibra-
tion scientists were forced to establish and verify catibraaspects by using cooler
objects. The asteroids served as reference for the fluxratibin of the 16Qum band
as well as for testing the non-linear MIPS detector beha\fithi.

In preparation for Herschel [64] and ALMAa dedicated asteroid programme
was established [53]. This led to a sample of about 50 asteifor various cali-

2 http://en.wikipedia.org/wiki/Atacama_Large Millimeter_Array
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bration purposes. Along the mission only the 12 asteroidb thie highest quality
characterization were continued to be observed for caidira

Here we preserthe Herschel observations and the data reduction of all pho-
tometrically relevant asteroid measurements (Section 2¥irst, the asteroid in-
strumental fluxes in engineering units were converted to aldute fluxes using
conversion factors derived from stellar calibrators (PACS, Neptune (SPIRE)
and Mars (HIFI). Next, the absolute fluxes were corrected fordifferences in
spectral energy distribution between the prime calibrator(s) and the asteroids
to obtain mono-chromatic flux densities at predefined referace wavelengths. In
Section 3 we documentecently updated asteroid models for Ceres, Pallas, Vesta,
and Lutetia. The models are entirely based on physical agranidl properties taken
from literature and derived from independent measuremékésoccultation mea-
surements, HSY adaptive optics, diyby missions We compare (Section 4) the ab-
solute model predictions with all available photometria$tdel (PACS [65], SPIRE
[23], HIFI [13]) measurements and discuss the validity amithtions.The disper-
sion in the ratio of model to measured fluxes for the four astesids determines
the error in the calibration factor. The conclusions are given in Section 5. It is
important to note here that the derived Herschel flux desssiti the asteroids were
independently calibrated against 5 fiducial stars (PACG®)ptanet Neptune (SPIRE)
and the planet Mars (HIFI). The asteroids are thereforesdsang as unique cross-
calibration objects between the different calibration aapts, the different instru-
ments, observing modes, wavelengths- and flux regimes.

2 Observations & data reduction
2.1 PACS photometer observations

The Photodetector Array Camera and Spectrograph (PACS ¢@shoard the Her-
schel Space Observatory [64] provides imaging and spextpyscapabilities. Here,
we only considered photometric measurements of the foera@ds, taken with the
imaging bolometer arrays either at 70/16® (blue/red) or at 100/160m (green/red).
Most of the observations were taken as part of calibratiog@mmmes, with the ma-
jority of the measurements taken in high gain and only a felewngain. The obser-
vations have either been taken in scan-map mode or in chdpande. The data were
reduced in a standard way, following the steps defined in fiadly recommended
chop-nod and scan-map reduction scripts, described in ohetad! in [2,60], with
flagging of bad and saturated pixels. The calibration waedbas the latest versions
of the bolometer response file (responsivity: FM,7) and thefiélding (flatField:
FM,3). The non-linearity correction was needed, with cctica of up to 6% for the
highest asteroid fluxes. The bolometer signals were alseced for the evapora-
tor temperature effect (see [43]), with correction factmirs0.3% to 3.2%. Since the
asteroids have apparent Herschel-centric motions of utth8the frames were
projected in an asteroid-centered (co-moving) refererasaé for the final maps. We

3 Hubble Space Telescope
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used map pixel sizes of ¥'11.4’, and 2.1 at 70, 100, and 16QAm, respectively, to
sample the point spread function in an optimal way.

PACSbolometer scan-map observations. The scan-map observations of the four prime
asteroids are listed in Tables 2, 6, 9, 12 (observing mod€$SM’). They were ob-
tained using the mini scan-map mode [1,57] with the teles@manning at a speed
of 20"/s along parallel legs of about-8' length. Typically 10 scan-legs, separated
by a few arcseconds, have been taken. The scans were pedforsigech a way that
the source was moving along the array diagonal$ @&l 110 scan-angles in ar-
ray coordinates) for optimized coverage and sensitivihe Tata were reduced in a
standard way (see above), with details about the maskigb;ass filtering, speed
selection and deglitching of the data given in [2]. We candied final images in
the asteroid co-moving reference frame for each indivi@BSID* and band. The
combination of the scan and cross-scan observations waenessary for our bright
point-sources.

PACSbolometer chop-nod observations. The chop-nod observations of the four prime
asteroids are listed in Tables 3, 7, 10, 13 (observing mo8#€J2CN’). They were
obtained using the point-source photometry Astronomideédving Template (AOT)
that is carried out by chopping and nodding in perpendialit@ctions and with am-
plitudes of 52 (see [1,57,60] for further details). The data reductiofuided -in ad-
dition to what has been done for scan-maps- an adjustmetitd@pparent response
drift and offset in this mode (see [60]) resulting in coriens of 4.3% to 7.6% for
the four asteroids, depending on the time of the observdliefore/after OD 300)
and the band [60]. We produced final point-source maps in stex@d co-moving
reference frame.

Aperture photometry. We applied aperture photometry with radii ofli blue/green
and 22 in red, centered on the source image in the final maps. Depgrui the
band, 78-82% of the source flux is inside these aperture§4863e The sky noise
in scan-maps was determined in a sky annulus with inner ated cadii of 3%’ and
45, respectively (see [2]). The sky noise in the chop-nod irsagas taken from a
sky annulus with inner/outer radii of 2@5" in the blue and green maps and'228"

in red maps (see [60]). We performed colour corrections §6@}00, 1.02, and 1.07
for the blue, green, and red band data to obtain monochrofihati densities at the
PACS key wavelength of 70.0, 100.0, and 1600, respectivel§. These corrections
were calculated on basis of model SEDs for the four astemsidsorrespond roughly
to the corrections for a 200-300K black body. The absolute dilocertainties were
calculated by adding quadratically the measured sky noisedcted for correlated
noise, see [2]), 1% for the uncertainties in colour cormetgtand 5% for errors related
to the fiducial star models which are the baseline for the labs@lux calibration of

4 Herschel unique observation identifier
5 The Vesta SED requires a colour correction value of 1.03érgtieen band

6 The PACS photometric calibration is based on the assumpfienconstant energy spectrum of the
observed source x F, = A x F,. Asteroid SEDs deviate from this assumption and colouremions are
required
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the PACS photometer. The derived flux densities and errgpicéilly around 5-6%)
are given in Tables 16, 17, 18, 19 together with the obserldggand conditions
(observation mid-time, object distance from Sun and Helsgihase angle).

2.2 SPIRE photometer observations

The SPIRE [23, 76] photometer observations of the four pasteroids are listed in
Tables 4, 8, 11, 14. The data were taken in four differentiolisg modes "Sm Map”
(small map), "Lg Map” (large map), "Scan” (scan map), "PSbift-source), mainly
as part of calibration programmes, but here we only use d&&ntin the standard
small and large map modes. The measurements were reducedhidIPE ver-
sion 11 -using the SPIRE Calibration Tree version 11- by &Hltrument experts
and calibrated against a reference Neptune model (ESA45]88]. The process-
ing of different observing modes is essentially identiegth the exception of the
so-called cooler burp correction which was only done fogdamaps in a dedicated
interactive analysis step. Point source photometry waseted from Level 1 data
using the timeline fitter task [5], fitting an elliptical Gasisn to the asteroid in the
co-moving reference frame. The object fluxes have been calmuected assuming
a spectral index of 2 [79] to obtain mono-chromatic flux déesiat 250, 350, and
500um (corrections are in the order of 5-6% here). More detaitaiathe reduction
and calibration are given in Section 6.1 in [21]. The absoflitx uncertainties were
calculated by adding quadratically the individual erracst the Gaussian timeline
fitting (typically well below 1%), 2% for the uncertainties colour correction, and
5% for errors related to the Neptune model which is the basdbr the absolute
flux calibration of the SPIRE photometer. The derived fluxgiiées and errors (typi-
cally around 5-6%) are given in Tables 16, 17, 18, 19 togetiitbrthe observing log
and conditions (observation mid-time, object distancenf@un and Herschel, phase
angle).

2.3 HIFI continuum observations

The HIFI [13] point-source observations of Ceres are ligtethble 5. The data were
taken [41] in band 1a (OD 1392) and band 1b (ODs 923, 1247,)1&6part of two
science programmes. Here we only consider the continuuredlakCeres, which are
a by-product of the data reduction, but not of interest ferdhginal science case. The
HIFI continuum fluxes were derived from the observationstadturing the four ODs.
For each of the four data sets (i.e. for the 10 h of integrasio®D 1392) all data from
both polarizations -H and V- have been averaged. The coover§double-sideband
antennatemperatures to flux densities uses values for éneiapefficiencies derived
from observations of Mars and are therefore tied to a modehisf planet. The
aperture efficiencies have recently been reviewed and wéheseew values kindly

7 HIPE is a joint development by the Herschel Science Grourgir@et Consortium, consisting of
ESA, the NASA Herschel Science Center, and the HIFI, PACSSIIGRE consortia.

8 http://www.lesia.obspm.fr/perso/emmanuel-lellouch/mars/
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provided to us by Willem Jellema (priv. comm.), which, at frezjuencies considered
here, are smaller by 3.8% and 5.9% in the H and V polarizatiespectively, than
values quoted in [69]. The given flux densities are averafbsth polarizations (i.e.
H and V) observed by HIFI and are derived from the median \sahie¢he observed
continuum baselines. The error calculation takes into aetthe noise r.m.s. after
smoothing to a resolution of 100 MHz, quadratically addethestimated 5% error
in the Mars model which we tie our calibration to. For contimnumeasurements there
is no side-band ratio error, and standing wave effects amealeraged out. The two
polarizations of HIFI in band 1 are misaligned by6'§ leading to a coupling loss
of order 2% (for a perfect Gaussian beam and no satellitetipgierror). Allowing
for additional pointing errors, we estimate that the detiffex densities could be too
low by ~ 5%. The derived flux densities and errors are given in Tabléofjéther
with the observing log and conditions (observation midetjirabject distance from
Sun and Herschel, phase angle).

3 Thermalphysical model and asteroid-specific model paranters

The applied thermophysical model (TPM) is based on the wgikdgerros [32—34].
This model is frequently and successfully applied to neanttEasteroids (e.g., [52,
54,55, 58]), to main-belt asteroids (e.g., [46,51,61]) also to more distant objects
(e.0., [25,39]). The TPM takes into account the true obsereind illumination ge-
ometry for each observational data point, a crucial aspmcthfe interpretation of
the main-belt asteroid observations which cover a wide earsfgphase angles and
helio-/observer-centric distances, as well as differpint-axis obliquities.

High quality size and geometric albedo values are fundameat for reliable
TPM predictions. For all four asteroids we used literature values, but only af-
ter a critical inspection of the published sizes and albedoand their error esti-
mates. The TPMalso allows one to specify simple or complex shape models and
spin-vector properties. Thene-dimensional verticalheat conduction into the sur-
face is controlled by the thermal inerfid. The observed mid-/far-IR/sub-mm fluxes
are connected to the hottest regions on the asteroid suafat@lominated by the
diurnal heat wave. The seasonal heat wave is less impontantharefore not con-
sidered here. The infrared beaming effects (similar to sfgjpm effects at optical
wavelengths) are calculated via a surface roughness mimselribed by segments of
hemispherical craters. Here, mutual heating is includebithe true crater illumina-
tion and the visibility of shadows is considered.

For the calculation of the Bond albedo (which is assumed to belose to the
bolometric albedo) also the object specific slope parametgifor the phase curve
G and the absolute magnitudes H are needed (IAU two-parametenagnitude
system for asteroids [36, 6]). The Bond albedo is given bypqg, with the geomet-
ric V-band albedo py, and the phase integral g = 0.290 + 0.68&. In cases where
pv was measured in-situ, only G is required, in cases wherejpwas not directly
measured, we derived p from Hy and the object’s effective size ¢ via: py

9 The thermal inertia I" is defined as,/Kpc, where K is the thermal conductivity, p the density,
and c the heat capacity.
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= 10(210910(S0)~210910(Per 1)-0.4-Hv) "with the Solar constant, $ = 1361 W/n?. We
used literature values for H-G based on large samples of measgements cover-
ing many aspect and phase angles from several apparitionsypical uncertain-
ties in G values have a negligible influence on the TPM flux prdadtions over
the entire Herschel wavelength-range and for the accessiblphase angles (ap-
proximatly 15-30°) for main-belt asteroids. Errors in H are directly influencing
the geometric albedo: 0.05 mag in H translate into a 5% error n albedo, with a
corresponding flux change well below 1%.

The level of roughness is driven by the r.m.s. of the surféapes which cor-
respond to a given crater depth-to-radius value combindd tive fractionf of the
surface covered by craters, see also Lagerros ([32]) fehéudetails. For all four
targets we used the “default” roughness settimg0(7, f=0.6) [47].

We used wavelength-dependent emissivity models with éwtiss of 0.9 up to
150um and slowly decreasing values beyon@i50um. The “default” model -used
for Ceres, Pallas, and Lutetia- has lowest emissivitiegatfirzd 0.8 in the sub-mm-
range, the Vesta-specific emissivity model is more extrene teas values going
down to 0.6 at 60@«m. Both models are used as specified and applied in [46-48].

For the thermal inertid we used a “default” value for large, regolith-covered
main-belt asteroids, namely = 15 Jm2s~ 95K 1 [47]. This value is not very well
constrained and in the literature one can find smaller valoas to 5 Jm2s 05K —1
(e.g., [61]) or larger values of 25 Jifrs *°K 1 (e.g., [46]). The precise value has
very little influence on far-IR and sub-mm-fluxes [49] -atdeéor large regolith-
covered main-belt asteroids- and it agrees very well with Itmar value ofl =
39Im2s 05K ~1 [27] considering the lower temperature environment at 243 A
from the Sun which lowers the thermal conductivity withie tiop surface dust layer
considerably.
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Herschel point-of-view on OD 1441, OBSID 1342270856, lotataxis is along the vertical direction.
Right: the corresponding thermal light-curve at 108 with and without thermal effects included.
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Ceres is the largest and most massive asteroid in the m#intlie presumed to
be homogeneous, gravitationally relaxed and it has a lowitigifow albedo and rel-
atively featureless visible reflectance spectrum [78]. Shape that best reproduces
the available data (occultations, HST measurements, iadagttics studies, light-
curve, ...) is an oblate spheroid [42,78,7,17] with an eguuatdiameter of 974.6 km
and a polar diameter of 909.4 km, resulting in an equivalémnéter of an equal
volume sphere of 9524 3.4km [78]. The semi-major axes ratios are therefore a/b
= 1.0 and b/c = 1.072. The spin-axis is within & (A, BE) = (346, +82) [17]
in ecliptic reference frame, with a siderial rotation pelriaf 9.07417G+ 0.000001 h
[10]. The spin-vector is therefore oriented close to pediariar to the line-of-sight
and the optical light-curve amplitude is generally smapl a 0.04 mag [46]). The
geometric V-band albedo is/p= 0.090+ 0.0055 [37,17]For the calculation of the
Bond albedo we used an absolute magnitude\H= 3.28 mag and a slope param-
eter G = 0.05[30,46].
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Fig. 3 Left: Shape model of Pallas with the TPM temperature codinghe surface, calculated for the
Herschel point-of-view on OD 1295, OBSID 1342256236, lotataxis is along the vertical direction.
Right: the corresponding thermal light-curve at 108 with and without thermal effects included.

Pallas has about half the size of Ceres and is considerediataahprotoplanet
which has undergone impact excavation [73]. Its publishee, shape, and spin-
properties have substantially changed over the last y8ar48,73,16,8]. We used
the latest nonconvex shape model from DANfith a siderial rotation period of
7.81322h. This solution includes all available informatfoom occultations, HST,
light-curves over several decades, and adaptive opticsune@ments. The shape can
roughly be described as a triaxial-ellipsoid body with a/b.86, b/c=1.09. Its spin-
axis is oriented towards celestial directiolg, Beq) = (31° £+ 5°, -16° £ 5°),
which means it has a high obliquity of 84eading to high seasonal contrasts. Shape-
introduced light-curve amplitudes can reach up to 0.16 n34d [The effective size
2x(abc)/3, a critical parameter for our calculations, was given as 538km [18],
545+ 18km [73], 513+ 7 km [8]. We adopted the first value which has the small-
est errorbar and which is based on multiple occultationduding one of the best
observed occultation of a star ever. We use+4.13mag and G = 0.16 [30,46, 31].
Our geometric albedoyp= 0.139 was calculated frommHand the effective size of
533 km.

10 patabase of Asteroid Models from Inversion Techniqesp: //astro.troja.mff.cuni.cz/projects/asteroids3D/
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Fig. 4 Left: Shape model of Vesta with the TPM temperature codinghensurface, calculated for the
Herschel point-of-view on OD 1377, OBSID 1342263924, iotataxis is along the vertical direction.
Right: the corresponding thermal light-curve at 108 with and without thermal effects included.

Vesta is one of the largest and the second most massiveidstetibe main-belt.
It has recently been visited by the DAWNmission. Most of the key elements for our
thermophysical model purposes are very well known, but thed §hape models are
not yet publically released. Our calculations are basedhentST shape model [77]
with a spin-vector ey, Beg) = (319 + 5°, 59 + 5°), very close to values derived
recently from DAWN [70]. The siderial rotation period igf= 5.3421289h [77,
15]. The obliquity of about 27combined with a more extreme triaxial body leads to
shape-introduced light-curve amplitudes of up to 0.18 n34dg. We assigned a mean
size of 525.4+ 0.2 km [70], roughly corresponding to a triaxial-ellipsdiddy with
a/b = 1.03, b/c=1.25. We tookyH= 3.20mag and G = 0.34 [46], the corresponding
geometric albedoyp= 0.336 was calculated from the effective size of 525.4 km.

11 http://dawn. jpl.nasa.gov/
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Fig. 5 Left: Shape model of Lutetia with the TPM temperature codimgthe surface, calculated for
the Herschel point-of-view on OD 221, OBSID 1342188334atioh axis is along the vertical direction.
Right: the corresponding thermal light-curve at 108 with and without thermal effects included.

Lutetia is significantly smaller and more irregularly shdpean the other three
objects. Due to its unusual spectral type with indicatioha digh metal content,
it was originally not considered in our list of potential flealibrators. But Lutetia
was very well characterized by a ROSET#Alyby in 2011 and we took advan-
tage of the derived, high-quality properties. Our shapeehiztthe latest nonconvex
shape model from DAMI¥S, which is based on a combination of flyby information,
occultations, radiometry, light-curve datasets, radapes, interferometry, and disk-
resolved imaging [9]. It has a spin-vector af§, Bey) = (52° + 2°, -6° + 2°), and
a siderial rotation period ofdg = 8.168271h [35,9]. The absolute effective size of
the final shape model isdgr = 99.3km and the measured geometric albedoyis p
= 0.194 0.01 [9]. Typical shape-introduced light-curve amplitad@n reach up to
0.25mag [31]. The absolute magnitude and the slope parataerbeth normalised
to the mean light-curve value, are given ag #7.25 and G = 0.12 [4].

12 http://www.esa.int/Our_Activities/Space_Science/Rosetta
13 Database of Asteroid Models from Inversion Techniqesp: //astro.troja.mff.cuni.cz/projects/asteroids3D/
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4 Results, Validity and Limitations

Based on the thermophysical model and object setup in $e8tiave calculated
TPM flux densities at the PACS, SPIRE, and HIFI reference leaghs for the
mid-time of each observation (Start-time + @&uration of each OBSID, Herschel-
centric reference system). The calculations have been fiortbe true Herschel-
centric observing geometry with the asteroid placed at thieect helio-centric and
Herschel-centric distance, under the true phase anglgemaector orientation. The
observed and calibrated mono-chromatic flux densities trerebeen divided by the
TPM predictions. The ratios are shown in the following figue 7, 8, 9, and are
listed in Tables 16, 17, 18, 19, and discussed below.
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Fig. 6 Observed and calibrated Herschel flux densities of Ceradedivby the corresponding TPM pre-
dictions(one point per OBSID). The median ratios for each instrument and each band are ggether
with the standard deviations of the ratios. For PACS and ERVR also give the ratios per observing mode.
PACS data are shown as diamonds (chop-nod data) and squaresc@n-map data), SPIRE data are
shown as plus-symbols (large map mode) and crosses (small pnenode), HIFI data are shown as
triangles.

Absolute flux level. The median ratios for all four asteroids and in all PACS &
SPIRE bands are well within 1.08 0.05. There are no systematic outliers visi-
ble. A few individual measurements are slightly outside P& boundary, but here
it is not clear if the problem is related to instrumentaleical issues or sky back-
ground related effects. Our sources have apparent sky nsotibup to about 8Gh
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Fig. 7 Observed and calibrated Herschel flux densities of Palladedi by the corresponding TPM pre-
dictions, like in Fig. 6.

(as seen from Herschel) and they cross background sourdekease star fields. And
indeed, Ceres, Vesta and Lutetia reached galactic latitbd®w 5 during Herschel
observing periods and bright sources (not easily recognizautomatic processing)
could have influenced the photometry in rare cases. The imfluef lower S/N levels
can be seen in the increased ratio scatter in the PACfi68nd SPIRE 500im
measurements of Lutetia.

The maximum-to-minimum observed flux ratios in a given bamed?a3, 2.7, 3.5,
4.3 for Ceres, Pallas, Vesta, and Lutetia, respectively Tables 16, 17, 18, 19). This
flux change is mainly dominated by changing distances betwiee asteroid and
Herschel, with smaller influences from changing helioderasteroid distances and
phase angles. The TPM setup handles these seasonal effiectsghk accuracy. We
found no significant remaining trends in the obs/TPM-ratidth helio-centric and
Herschel-centric distance.

Short-term variations. The four asteroids are not spherical and optical lightcsirve
show amplitudes of up to 0.25 mag. These variations are dansily by rotation-
ally changing cross-sections and therefore expectedsedsn disk-integrated ther-
mal emission as well. In our model setup this is handled byplexshape models
combined with spin-vector information (derived from odetibn results, light-curve
inversion techniques, high resultion imaging techniqued/ar flyby information),
and object-specific zero-points in time and rotational ph&ur setup explains the
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Fig. 8 Observed and calibrated Herschel flux densities of Vestdetivby the corresponding TPM pre-
dictions, like in Fig. 6.

available optical light-curves and other cross-sectidatee data very well, but it is
not entirely clear if such models would also explain thetiotal changes in thermal
emission. Figures 6, 7, 8, 9 show -at least in the most reliahbrtest wavelength
bands at 70 and 250m- very small standard deviations in the obs/TPM ratios. For
Ceres and Pallas we find standard deviations of 2%, whilehflermtore complex
shaped objects Vesta and Lutetia we find 3%. This very lowescagrees with find-
ings on non-variable reference stars (see [2]) and tellsatgte shape and rotational
properties of the four asteroids are modeled with sufficauracy.

Spectral shape aspectsThe obs/TPM ratios for a given object are almost identical
for all bands of the same instrument. This is an indicatiat tur TPM reproduces
the observed slopes in spectral energy distribution (SBDectly. The modeled ob-
ject SEDs are summing up all different surface temperatoves the entire disk.
Here, at long wavelength and close to the Rayleigh-Jeans &fpoximation, the
SEDs are closely correlated with the disk-averaged tenyes while at shorter
wavelengths (e.g., in the mid-IR) the hottest sub-solaioregdominate the SED
shapes. The constant ratios over all three bands of an instrualso confirm the
validity of the strongly band-dependent colour-corretijgee Sections 2.1 and 2.2).
These corrections are calculated from the lab-measurativeslspectral response
functions of the individual bands [21,56]. Our results shmovproblems with the
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Fig. 9 Observed and calibrated Herschel flux densities of Lutetiaed by the corresponding TPM
predictions, like in Fig. 6.

tabulated colour-correction values, a nice confirmatiat the bands are well char-
acterized and that there are no indications for filter leaks.

PACS/SPIRE cross-calibration and emissivity aspectskor the 3 bright sources
Ceres, Pallas, and Vesta the SPIRE ratios are 2-5% higherthigaPACS ratios.
The cause is not clear, but there are different possilslitig A systematic differ-
ence in the absolute flux calibrators (5 fiducial stars for BAC] and a specific
Neptune model for SPIRE [5]). Both calibration systems avergwith an absolute
accuracy of+5% and the offset we see in the asteroids is within this raBgéh
calibration systems underwent recent adjustments andjustanents with typical
changes of a few percent. Discussions are still ongoing laadelated publications
-possibly with slight adjustments- are in preparatiof Aiflux-dependency in the re-
duction/calibration steps which is not correctly accodrite: the PACS asteroid data
are corrected for detector non-linearities (up to 6% forhighest asteroid fluxes),
but an absolute validation at these flux levels is difficulte SPIRE asteroid data are
well below the flux level of Neptune which is used as refereolgiect and the as-
teroids also move much faster than Neptune on the sky. Bpecésmight cause an
offset of a few percent on the final fluxes. (iii) The asteroiodals use a wavelength-
dependent emissivity model [46—48] and the largest enmiigsihanges happen be-
tween 200 and 500m. But if there are problems in the emissivity model solutian
would expect to see obs/TPM ratios changing gradually wakielengths and not in
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a step-function as we see it here. We also tested a constés#iety model € = 0.9
= const.) which clearly confirms that lower and wavelengdpehdent emissivities
are needed to explain the SPIRE measurements. Howeverff¢ioiive emissivity
changes are not precisely known for the region beyst80um where subsurface
layers (probably with different thermal properties [27Br§to become visible. A fu-
ture scientific analysis of all combined PACS and SPIRE oladiEems might reveal
a new and slightly different wavelength-dependent emitysinwodel for the large
main-belt asteroids.

One additional element in this context is the outcome of acde¢eld PACS/SPIRE
cross-calibration study for the fiducial calibration starsl -at a much higher flux
level- for the planets Uranus and Neptune. In this way, ongdcimvestigate further
the reason for the small jump between PACS and SPIRE fluxes.

There are a few additional points which deserve mentioning:

e For Lutetia we find significantly larger standard deviatiamshe obs/TPM
ratios at 350 and 500m, but Lutetia is already faint at these wavelength (be-
low 600 mJy at 35(tm and some measurement are even below 100 mJy at
500um) and background contamination and instrument noisedestalt to
contribute.

e The 70um obs/TPM ratio for Vesta is about 4% higher than the ratid0at
and 16Qum. We don’t know the reason for this effect, but we specullage t
this might be the result of a broadband mineralogic surfeegufe covered
by the 70um-band (55 - 95um). We plan to follow this up via PACS spec-
trometer measurements of Vesta.

e For the 3 brightest targets we also see a very small differeetween PACS
data taken in chop-nod mode and scan-map mode. The chogatios are
about 1% lower than the corresponding scan-map ratios. \eocted to see
slightly underestimated fluxes in the chop-nod mode for \wight targets
(see [60]), but it was not clear how big the effect would bes@&hon the
asteroid results, we expect to see a 2-3% flux differencesvien brighter
targets, like Neptune and Uranus, between measuremeets iiakhese two
different PACS observing modes.

e The HIFI ratios are very close to the PACS ratios and about ®#&1 than
the SPIRE ratios. But the derived fluxes are very sensitiytoting errors.
Additional pointing errors could increase the derived fl@nsities by up to
~ 5% which would then bring the HIFI ratios very close to theSPlones.

e There was one SPIRE observation (OD 411, OBSID 13421993#§¢ Map
mode) which produced fluxes which are about 35% higher tharcthre-
sponding model predictions in all 3 bands, probably due torgaminating
background source. We eliminated this measurement froraralysis.

e We see a 3-4% offset between SPIRE large and small scan mapratisns
of Ceres and Pallas, but not for Vesta. This offset is notgirem observa-
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Table 1 Statistical comparison between observed and TPM fles. The numbers indicate how many
observations are matched by the corresponding TPM predictin within the given 1-o error bars and
how many are not matched. The last two lines give the agreemeper band in percent, based on the
1-0 and 2-o errors in the observed fluxes.

Object 70um  100um  160um  250um  350um  500um
1 Ceres 51/0 39/0 84/4  20/4 18/6 24/0
2  Pallas 20/0 19/1 40/0  11/2 8/5 12/1
4  \esta 32/8 25/7 64/8 14/1 15/0 15/0
21  Lutetia 14/1 19/0 29/5 9/0 6/3 5/4
1-0 agreement 92% 92% 92% 87% 70% 91%
2-0 agreement 100% 100% 100%  100% 100% 97%

tions taken in both modes close in time. The cause is thexefither related
to satellite/instrument effects changing with time (like thanging telescope
flux) or by a time-dependent thermal effect which is not ceddny our cur-
rent model-setup. A first investigation seems to point talgaa small effect
related to subsurface emission which seems to play a rdte éddhgest SPIRE
wavelengths and which is at present only approximated bywawelength-
dependent emissivity models.

e Ceres, Pallas, and Vesta also have SPIRE observationsitaken-standard
scanning mode. A first comparison with our model predictiomsfirms the
validity of the data. They will be included in future analygirojects.

Quality of model parameters. The fact that our TPM predictions agree -on absolute
scale- very well with the Herschel measurements does notraatically mean that all
our object properties (mainly effective size, albedo, iti@rproperties) are correct.
The object-related quantities have uncertainties anddcbeleven slightly off. But
we aimed for finding the most accurate object sizes, and el&pveferentially from
direct measurements and published in literature. The thlggroperties influence the
predictions in an absolute sense and also in a wavelengtdrdent manner. We took
default values from literature to avoid any dependency ofadaject properties from
Herschel-related information. Overall, our model settimgjow us to reproduce the
observed absolute fluxes and SED shapes with high accurdoyeahave therefore
great confidence in our model solutions.

Accuracy. We made a statistical analysis of the observatioto-model ratios for
all four asteroids (Table 1, Figure 10) to see how many obseational data points
are matched by the corresponding TPM prediction.

For this comparison we considered the absolute flux errors foeach individ-
ual measurement as it was produced by the general data reduoh and calibra-
tion procedure mentioned above. The absolute flux errors inade the processing
errors, the photometry errors (corrected for correlated noise) and the absolute
flux calibration error as provided by the three instrument teams. In all three
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Fig. 10 Dispersion in the ratios of measured-to-model fluxes forfthue asteroids as a function of wave-
length. The weighted mean ratios are shown with errorbdlecting the absolute flux calibration of indi-
vidual measurements as well as the variance of the sample.

PACS bands more than 90% of all measurements agree within thel- g error-
bars with the corresponding TPM prediction. In the SPIRE bands the agreement
is still between about 70% and 90%. If we allow for 2o errorbars we find 100%
agreement for Ceres, Pallas and Vesta in all six bands. For ltetia there are
only two measurements in the 50@em band which are outside the 2g thresh-
old. Figure 10 shows the agreement between observations am&M predictions
in a graphical way. For each object we calculated the weightemean ratio and
errorbars adding up quadratically the variance of the weighed mean and the
weighted sample variance. These errorbars are dominated bthe 5% absolute
flux calibration errors of our measurements, the variance otthe weighted mean
(as can be seen in Figures 6, 7, 8, 9) is typically 2-3% only, thi exception of
the long-wavelength channels for Lutetia. This excellentgreement between ob-
served and TPM fluxes confirms the validity of the four asteroils as prime cal-
ibrators on a similar quality level as given for the fiducial gar models in the
PACS range (5%), the Neptune model in the SPIRE range (5%), aththe Mars
model in the HIFI band 1a/1b (5%).

Limitations. Our comparison between TPM predictions and mesurements is
limited to a wavelength range between about 5Qm (short wavelength end of
the PACS 70um filter) and about 700um (long wavelength end of the SPIRE
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500um filter). The Herschel visibility contrained the tested phae angles to val-
ues between about 15and 30° before and after opposition. Outside these wave-
lengths and phase angle ranges the TPM might have slightly gher uncertain-
ties. Some of the asteroids have complex shapes and the shapmlels used might
not characterize the true shape very accurately. This couldalso cause small
deviations between TPM predictions and the true measured flxes for specific
viewing geometries. The rotation periods are known with hidp accuracy for all
four asteroids and the applied spin vectors are of sufficienquality for the next
decades.

Overall, the TPM deviations outside the specified wavelengs and phase-
angle ranges are expected to be small and absolute model acacies of better
than 10% seem to be reasonable for all four asteroids. Furthetesting against
additional thermal data is foreseen in the near future to coer the full ALMA
and SPICA regime.

5 Conclusions

We find the following general results related to the 4 astioi

e The new asteroid models predict the observed fluxes on dbsstales with
better than 5% accuracy in the in the 50 to 700 range. This means that the
effective size and albedo values in our model setup are f dpigplity.

e Shape and spin properties dominate the short-term brightvegiations: our
shape, rotation-period and spin-axis approximationsw@#fe®nt for our pur-
poses.

e In general, the rotational and seasonal flux changes areletbddth high
quality to account for short-term (rotational effects ameiscales of hours)
and long-term (effects with phase angle and changing distémthe Sun on
time scales of months or years) object variability.

e Our “default” description of the thermal properties is stiffint to explain the
observed far-IR/sub-mm fluxes. Please note that the Vesissiity is very
different from the emissivity model used for the other obgec

e The asteroid surfaces of all 4 asteroids are very well desdrby a low-
conductivity, hence low thermal inertia surface regolitithvwery little heat
transport to the nightside of the object (they are observgthase angles up
to about 30).

e There are indications that Vesta has a broad shallow mivgiakemission
feature which contributes up to 4% to the total flux measurethé PACS
70um band.

We find the following Herschel-related results:

14 http://www.ir.isas.jaxa.jp/SPICA/SPICA_HP/index English.html
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e The PACS chop-nod and scan-map derived fluxes agree very(wigtlin
1%), although there seems to be a small tendency that theratwfiuxes
are slightly underestimated for very bright targets.

e The SPIRE observation/model ratios for Ceres, Pallas, audavare 2-5%
higher than the PACS related ones. This could be relatecetoaty different
calibration schemes of both instruments, but there is &lsgossibility of a
model-introduced effect (e.g., related to the object eiwitgamodels).

e The reduced and calibrated HIFI continuum fluxes for Cereseagery well
with the PACS measurements and confirm the high photomatstityg of the
HIFI continuum measurements.

Ceres, Pallas, Vesta, and Lutetia as prime calibrators:

e The new TPM setup for the four asteroids predict the observedluxes on
absolute scales with better than 5% accuracy in the wavelenly range 50
to 700um and for phase angles betweer-15° and ~30°.

e Outside the Herschel PACS/SPIRE wavelength range and for ¢éseme
phase angles we still expect that the absolute accuracy ofdiTPM pre-
dictions are better than 10%.

Overall, our thermophysical model predictions for the fasteroids agree within
5% with the available (and independently calibrated) Hegbtneasurements. The
achieved absolute accuracy is similar to the ones quotethéopfficial Herschel
prime calibrators, the stellar photosphere models, theuhepand Mars planet mod-
els, which justifies to upgrade the four asteroid models &rtnk of prime cali-
brators. The four objects cover the flux regime from just welg000 Jy (Ceres at
mid-IR) down to fluxes below 0.1 Jy (Lutetia at the longest @langths). Based on
the comparison with PACS, SPIRE and HIFI measurements amtiprschel expe-
rience, the validity of prime calibrators ranges from midrared to about 60am,
connecting nicely the absolute stellar reference systeimeimid-IR with the planet-
based calibration at sub-mm/mm wavelengths.

Acknowledgements We would like to thank the Pls of the various scientific prégefor permission to
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Overview of available Herschel photometric measurements

In the following tables we list the available photometriselvations (calibration and science observations)
with one of the four asteroids in the field of view. Some of tagyemeasurements were used with very
different instrument settings and non-standard obserminges. The corresponding fluxes are not well
calibrated and we excluded them from our analysis.
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Table 2 Overview of all relevant Herschel-PACS photometer scap-pitzservations of (1) Ceres.

OD OBSID Proposal Dur. Starttime AOR Label
1441 1342270856 DDTbockele3 286  2013-04-24T05:11:49Z  PPhoto-Cekésit12
1441 1342270851 DDTbockele3 286  2013-04-24T04:04:45Z  PPhoto-Cekésit11
1441 1342270846 DDTbockele3 286  2013-04-24T02:57:05Z  PPhoto-Cekésit10
1441 1342270841 DDTbockele3 286  2013-04-24T01:51:57Z  PPhoto-Cekésit09
1441 1342270828 DDTbockele3 286  2013-04-24T01:00:51Z  PPhoto-Cekésit08
1441 1342270823 DDTbockele3 286  2013-04-23T23:54:43Z  PPhoto-Cekésit07
1441 1342270818 DDTbockele3 286  2013-04-23T22:48:42Z  PPhoto-Cekésit06
1441 1342270813 DDTbockele3 286 2013-04-23T21:41:50Z  PPhoto-Cekésit05
1441 1342270808 DDTbockele3 286  2013-04-23T20:37:24Z  PPhoto-Cekésit04
1441 1342270803 DDTbockele3 286 2013-04-23T19:43:14Z  PPhoto-Cekésit03
1441 1342270798 DDTbockele3 286  2013-04-23T18:36:38Z  PPhoto-Cekésit02
1441 1342270787 DDTbockele3 286  2013-04-23T17:41:20Z  PPhoto-Cekésit01
1420 1342269279 rppads9 286 2013-04-03T00:14:13Z  RPPhotFEilsRPPhotFlux324B sPS110.200Jygrn.Ceres0007
1420 1342269278 rppads9 286 2013-04-03T00:08:24Z  RPPhotFEilsRPPhotFlux324B sPS070.200Jygrn_Ceres0007
1420 1342269276 rppads9 286 2013-04-02T23:58:50Z RPPhotEibRPPhotFlux324B sPS110.200Jyblu_Ceres0007
1420 1342269275 rppads9 286 2013-04-02T23:53:01Z RPPhotFEisRPPhotFlux324B sPS070.200Jy blu_Ceres0007
1244 1342252878  rppadb9 1055 2012-10-09T14:41:092 RPPhotSpatid®PPhotSpatiaB14D StdScan135med.grn.Ceres0003
1244 1342252877 rppadsb9 1055 2012-10-09T14:22:31Z RPPhotSpatid®PPhotSpatiaB14D StdScan045med grn.Ceres0003
1244 1342252876  rppadb9 1055 2012-10-09T14:03:53Z  RPPhotSpatid®PPhotSpatiaB14D StdScan135medblue Ceres0003
1244 1342252875 rppadb9 1055 2012-10-09T13:45:15Z  RPPhotSpatidPPhotSpatiaB14D.StdScan045med blue Ceres0003
1244 1342252874  rppadb9 286 2012-10-09T13:39:26Z  RPPhotEibRPPhotFlux323B sPS110.210Jygrn.c76 Ceres06
1244 1342252873  rppadb9 286 2012-10-09T13:33:37Z  RPPhotEibRPPhotFlux323B sPS070.210Jygrn.c76 Ceres06
1244 1342252871  rppadb9 286 2012-10-09T13:24:03Z RPPhotEisRPPhotFIux323B sPS110.370Jyblu_c76.Ceres06
1244 1342252870 rppadb9 286 2012-10-09T13:18:14Z RPPhotEibRPPhotFIux323B sPS070.370Jyblu_c76.Ceres06
1237 1342252062 rppadb7 286 2012-10-02T05:42:14Z  RPPhotEisRPPhotFlux323B sPS110.156Jygrn.c75 Ceres05
1237 1342252061 rppadH7 286 2012-10-02T05:36:25Z  RPPhotEibRPPhotFlux323B sPS070.156Jygrn.c75 Ceres05
1237 1342252059 rppadb7 286 2012-10-02T05:26:51Z  RPPhotEisRPPhotFlux323B sPS110.274Jyblu_c75 Ceres05
1237 1342252058 rppadH7 286 2012-10-02T05:21:02Z RPPhotEibRPPhotFIux323B sPS070.274Jyblu_c75 Ceres05
947 1342234471  rppackl5 286 2011-12-17T00:53:38Z  RPPhotFEibRPPhotFlux631A_ sPS110 Planckgrn.Ceres0003
947 1342234470  rppackl5 286 2011-12-17T00:47:49Z  RPPhotFEilsRPPhotFlux631A_sPS070Planckgrn.Ceres0003
947 1342234468  rppackl5 286 2011-12-17T00:38:15Z RPPhotEibRPPhotFlux631A_sPS110 Planckblu_Ceres0003
947 1342234467  rppackl5 286 2011-12-17T00:32:26Z  RPPhotFEilsRPPhotFlux631A_sPS070QPlanckblu_-Ceres0003
782 1342223707  rppac8 1055 2011-07-05T04:06:57Z  RPPhotSpatidRPPhotSpatiaB14D_StdScan135ned grn.Ceres0002
782 1342223706 rppads8 1055 2011-07-05T03:48:19Z RPPhotSpatidRPPhotSpatiaB14D_StdScan045ned grn.Ceres0002
782 1342223705 rppac8 286 2011-07-05T03:42:30Z RPPhotFIIbRPPhotFlux323B.sPS110.144Jygrn.c43 Ceres03
782 1342223704  rppad38 286 2011-07-05T03:36:41Z RPPhotFIisRPPhotFlux323B.sPS070.144Jygrn.c43 Ceres03
782 1342223702  rppad8 1055 2011-07-05T03:14:18Z  RPPhotSpatidRPPhotSpatiaB14D.StdScan135nedblue Ceres0002
782 1342223701 rppac8 1055 2011-07-05T02:55:40Z RPPhotSpatidRPPhotSpatiaB14D_StdScan045nedblue Ceres0002
782 1342223700 rppad8 286 2011-07-05T02:49:51Z  RPPhotHisRPPhotFlux323B.sPS110.251Jyblu_c43 Ceres03
782 1342223699 rppac8 286 2011-07-05T02:44:02Z RPPhotFIisRPPhotFlux323B.sPS070.251Jyblu_c43 Ceres03
769 1342222942  rppadbs 286 2011-06-22T14:28:59Z  RPPhotFIisRPPhotFlux323B.sPS110.127Jygrn.c42 Ceres03
769 1342222941  rppacb 286 2011-06-22T14:23:10Z RPPhotFIiIbRPPhotFlux323B.sPS070.127Jygrn.c42 Ceres03
769 1342222939  rppadb 286 2011-06-22T14:13:36Z RPPhotHisRPPhotFlux323B.sPS110.222Jyblu_c42 Ceres03
769 1342222938 rppacb 286 2011-06-22T14:07:47Z  RPPhotFIsRPPhotFlux323B.sPS070.222Jyblu_c42 Ceres03
759 1342222570 rppac 286 2011-06-12T07:36:42Z  RPPhotFIIbRPPhotFlux323B.sPS110.116Jygrn.c41 Ceres03
759 1342222569  rppac 286 2011-06-12T07:30:53Z  RPPhotHisRPPhotFlux323B.sPS070.116Jygrn.c41 Ceres03
759 1342222567  rppac 286 2011-06-12T07:21:19Z  RPPhotRisRPPhotFlux323B.sPS110.202Jyblu_c41 Ceres03
759 1342222566  rppac 286 2011-06-12T07:15:30Z RPPhotHisRPPhotFlux323B.sPS070.202Jyblu_c41 Ceres03
743 1342221742  rppacd? 286 2011-05-27T06:23:31Z RPPhotFIsRPPhotFlux323B.sPS110.100Jygrn.c40.Ceres03
743 1342221741  rppad2 286 2011-05-27T06:17:42Z  RPPhotFIisRPPhotFlux323B.sPS070.100Jygrn.c4Q.Ceres03
743 1342221739  rppac? 286 2011-05-27T06:08:08Z RPPhotFisRPPhotFlux323B.sPS110.174Jyblu_c40.Ceres03
743 1342221738  rppad2 286 2011-05-27T06:02:19Z  RPPhotHisRPPhotFlux323B.sPS070.174Jyblu_c40.Ceres03
734 1342221353  rppac® 1055 2011-05-18T12:15:24Z RPPhotSpatidRPPhotSpatiaB14D_StdScan135ned grn.Ceres0001
734 1342221352  rppac®® 1055 2011-05-18T11:56:46Z RPPhotSpatidRPPhotSpatiaB14D_StdScan045ned grn.Ceres0001
734 1342221351  rppackd 1055 2011-05-18T11:38:08Z RPPhotSpatidRPPhotSpatiaB14D.StdScan135nedblue Ceres0001
734 1342221350 rppac’® 1055 2011-05-18T11:19:30Z RPPhotSpatidRPPhotSpatiaB14D_StdScan045nedblue Ceres0001
726 1342220297  rppack® 286 2011-05-10T03:03:46Z RPPhotHisRPPhotFlux323B.sPS11095Jy grn.c39.Ceres03
726 1342220296  rppac’® 286 2011-05-10T02:57:57Z  RPPhotFIisRPPhotFlux323B sPS070.95Jy.grn.c39.Ceres03
726 1342220294  rppack® 286 2011-05-10T02:48:23Z  RPPhotHisRPPhotFlux323B.sPS110.166Jyblu_c39.Ceres03
726 1342220293  rppac®® 286 2011-05-10T02:42:34Z  RPPhotFIiIbRPPhotFlux323B.sPS070.166Jyblu_c39.Ceres03
485 1342204328  rppact3 286 2010-09-10T22:30:35Z  RPPhotFIisRPPhotFlux631A sPS110.Planckgrn.Ceres0001
485 1342204327  rppact3 286 2010-09-10T22:24:46Z RPPhotHisRPPhotFlux631A sPS070.Planckgrn.Ceres0001
485 1342204325 rppact3 286 2010-09-10T22:15:12Z  RPPhotFIiIbRPPhotFlux631A sPS110.Planckblu_Ceres0001
485 1342204324  rppact3 286 2010-09-10T22:09:23Z  RPPhotHisRPPhotFlux631A sPS070.Planckblu_Ceres0001
286 1342191134  rppacs 276  2010-02-24T04:08:56Z  RPPhotFIlxRPPhotFlux324B sPS110.200Jygrn.Ceres0001
286 1342191133 rppacs 276  2010-02-24T04:03:17Z  RPPhotFIlxRPPhotFlux324B sPS070.200Jygrn.Ceres0001
286 1342191131 rppacs 276  2010-02-24T03:53:53Z  RPPhotFIlxRPPhotFlux324B.sPS110.200Jyblu_Ceres0001
286 1342191130 rppacs 276  2010-02-24T03:48:14Z  RPPhotFIlxRPPhotFlux324B.sPS070.200Jyblu_Ceres0001
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Table 3 Overview of all relevant Herschel-PACS photometer chog-observations of (1) Ceres.

OD OBSID Proposal Dur. Starttime AOR Label
1420 1342269277  rppads9 162  2013-04-03T00:04:39Z  RPPhotFElisRPPhotFlux324A cPS200Jygrn.Ceres0007
1420 1342269274 rppads9 162  2013-04-02T23:49:16Z RPPhotEiisRPPhotFlux324A_cPS200Jyblu_Ceres0007
1244 1342252872  rppadb9 162 2012-10-09T13:29:52Z  RPPhotFlisRPPhotFlux323A cPS210Jygrn.c76 Ceres06
1244 1342252869 rppadH9 162  2012-10-09T13:14:29Z  RPPhotEisRPPhotFlux323A cPS370Jyblu_c76.Ceres06
1237 1342252060 rppadb7 162  2012-10-02T05:32:40Z RPPhotElisRPPhotFlux323A cPS156Jygrn.c75 Ceres05
1237 1342252057 rppadH7 162  2012-10-02T05:17:17Z  RPPhotEisRPPhotFlux323A cPS274Jyblu_c75 Ceres05
947 1342234469  rppackl5 162 2011-12-17T00:44:04Z  RPPhotEisRPPhotFlux324A cPS200Jygrn.Ceres0004
947 1342234466  rppackl5 162 2011-12-17T00:28:41Z  RPPhotFliprRPPhotFlux324A cPS200Jyblu_Ceres0004
782 1342223703  rppac8 162 2011-07-05T03:32:56Z  RPPhotFIIMRPPhotFlux323A.cPS144Jygrn.c43 Ceres03
782 1342223698  rppad8 162 2011-07-05T02:40:17Z RPPhotFlIxRPPhotFlux323A cPS251Jyblu_c43 Ceres03
769 1342222940 rppacb 162 2011-06-22T14:19:25Z  RPPhotFIIMRPPhotFlux323A.cPS127Jygrn.c42 Ceres03
769 1342222937  rppadb 162  2011-06-22T14:04:02Z RPPhotFElIxRPPhotFlux323A cPS222Jyblu_c42 Ceres03
759 1342222568  rppac 162 2011-06-12T07:27:08Z  RPPhotFIIMRPPhotFlux323A cPS116Jygrn.c41 Ceres03
759 1342222565 rppac 162  2011-06-12T07:11:45Z RPPhotFElIIxRPPhotFlux323A cPS202Jyblu_c41 Ceres03
743 1342221740 rppad? 162 2011-05-27T06:13:57Z  RPPhotRIIxRPPhotFlux323A cPS95Jy grn.c40.Ceres03
743 1342221737  rppac? 162  2011-05-27T05:58:34Z  RPPhotFIlRPPhotFlux323A cPS174Jyblu_c40 Ceres03
726 1342220295 rppack® 162  2011-05-10T02:54:12Z RPPhotFlIxRPPhotFlux323A cPS95Jy grn.c39.Ceres03
726 1342220292  rppac®® 162 2011-05-10T02:38:49Z  RPPhotFIIxRPPhotFlux323A cPS166Jyblu_c39 Ceres03
485 1342204326  rppact3 162  2010-09-10T22:21:01Z RPPhotFlIrRPPhotFlux324A cPS200Jygrn Ceres0002
485 1342204323  rppact3 162  2010-09-10T22:05:38Z  RPPhotFIIMRPPhotFlux324A_ cPS200Jyblu_Ceres0002
286 1342191132 rppack 162 2010-02-24T03:59:32Z  RPPhotFWxRPPhotFlux324A_cPS200Jygrn_ Ceres0001
286 1342191129 rppacs 162 2010-02-24T03:44:29Z  RPPhotFIlxRPPhotFlux324A_cPS200Jyblu_Ceres0001
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Table 4 Overview of all relevant Herschel-SPIRE photometer olstéoms of (1) Ceres. SmMap: small
scan map mode; LgMap: large scan map mode; Scan: non-stasctr map; PS: point-source mode.

OD OBSID Proposal Dur.  Starttime Mode AOR Label
1434 1342270325  rpspirk64 593 2013-04-17T11:24:44Z SmMap cycleB&SPhoto-SmallM-Rep4-Ceres
1411 1342268344  rpspirk62 593 2013-03-25T02:48:32Z SmMap cycleB&Photo-SmallM-Rep4-Ceres
1403 1342267748  rpspirk60 593 2013-03-17T05:06:15Z SmMap cycleBBPhoto-SmallM-Rep4-Ceres
1387 1342266670 rpspirE58 2057 2013-03-01T03:26:27Z SmMap cycleB&Photo-LargeM-Rep4-10x10-Ceres
1249 1342253388  rpspirk38 593 2012-10-13T22:38:27Z SmMap cyclelsPhoto-SmallM-Rep4-Ceres
1235 1342251687  rpspirk36 593 2012-09-29T22:43:32Z SmMap cycle¥sPhoto-SmallM-Rep4-Ceres
1215 1342250803  rpspirk32 593 2012-09-10T12:49:19Z SmMap cyclelSPhoto-SmallM-Rep4-Ceres
1201 1342250325  rpspirE30 593 2012-08-26T16:59:32Z SmMap cyclelkBPhoto-SmallM-Rep4-Ceres
1197 1342250643  rpspirk28 593 2012-08-22T16:21:13Z SmMap cyclel-5Photo-SmallM-Rep4-Ceres
964 1342236236  rpspirg2 593 2012-01-02T17:09:51Z SmMap cycleb&Photo-SmallM-Rep4-Ceres
964 1342236235  rpspir@2 602 2012-01-02T16:59:19Z SmMap cycleb&Photo-SmallM-Rep4-Ceres-Bright
948 1342234931  rpspir@0 593 2011-12-18T11:43:28Z SmMap cyclebsPhoto-SmallM-Rep4-Ceres
775 1342223221  rpspire4 593 2011-06-28T14:02:23Z SmMap cyclettlPhoto-SmallM-Rep4-Ceres
725 1342220642  rpspirs8 593 2011-05-08T23:05:52Z SmMap cycle3%BPhoto-SmallM-Rep4-Ceres
529 1342207050  rpspirg0 593 2010-10-24T22:55:51Z SmMap cycleP&Photo-SmallM-Rep4-Ceres
521 1342206682  rpspir28 593 2010-10-17T14:18:39Z SmMap cycleP&SPhoto-SmallM-Rep4-Ceres - 0001
515 1342206204 rpspir28 593 2010-10-11T09:35:44Z SmMap cycleP&SPhoto-SmallM-Rep4-Ceres
499 1342205096  rpspire7? 593 2010-09-25T15:46:17Z SmMap cycle2EPhoto-SmallM-Rep4-Ceres
486 1342204371  rpspir26 2977  2010-09-12T14:59:47Z LgMap  cycle22SPhoto-LargeM-Rep4-15x15-Ceres
479 1342204062  rpspire5 1356 2010-09-05T14:15:13Z PS cyclePISPhoto-PointS-Rep4-Ceres
479 1342204061  rpspir25 593 2010-09-05T14:04:55Z SmMap cyclePSPhoto-SmallM-Rep4-Ceres - 0001
326 1342193790  rpspirg4 1334 2010-04-05T03:24:54Z LgMap  cycleliSPhoto-Large-Rep4-8x8-Ceres
326 1342193789  rpspirg4 1356 2010-04-05T03:01:46Z PS cyclelSPhoto-Point-Rep4-Ceres
326 1342193788  rpspirg4 593 2010-04-05T02:51:28Z SmMap cyclelSPhoto-SmallRep4-Ceres
287 1342191193  rpspir@ 1351 2010-02-25T16:53:39Z LgMap  cycld8SPhoto-Large-Rep4-8x8-Ceres - copy
287 1342191192  rpspird 1371 2010-02-25T16:30:16Z PS cyclé8SPhoto-Point-Rep4-Ceres - copy
275 1342190670 rpspir@ 610 2010-02-13T11:51:24Z SmMap cycl@8&SpirePhotoSmallScanGen-Rep4-Ceres
275 1342190669  rpspir@ 1351 2010-02-13T11:28:19Z2 LgMap cycld8SPhoto-Large-Rep4-8x8-Ceres
275 1342190668  rpspir@ 1371 2010-02-13T11:04:56Z PS cyclé8SPhoto-Point-Rep4-Ceres
50 1342179358 copspird8 2340 2009-07-02T23:46:08Z Scan _GOP.SJLOD50.01.1-SPhoto-10x10AB4RepNominal-Ceres
50 1342179356 copspirB8 2159 2009-07-02T23:05:52Z  Scan _CGOP.SJLOD50.01 1-SPhoto-10x10AB4RepFast-Ceres

Table 5 Overview of all relevant Herschel-HIFI point observatiafg{1) Ceres.

OD OBSID Proposal Dur. Starttime AOR Label
1392 1342266021 DDMnkuepperl 9146 2013-03-06T10:37:47Z  HPoint-Ceres-DDT-Feb28a84
1392 1342266020 DDMnkuepperl 9146 2013-03-06T08:03:55Z  HPoint-Ceres-DDT-Feb28283
1392 1342266019 DDMkuepperl 9146 2013-03-06T05:30:03Z  HPoint-Ceres-DDT-Feb2P&8t2
1392 1342266018 DDnkuepperl 8575 2013-03-06T03:05:42Z  HPoint-Ceres-DDT-Feb28a8t1
1260 1342254428 DDTkuepperl 8575 2012-10-24T20:04:28Z  HPoint-Ceres-GT1-lorouDk&F-Oct2012
1247 1342253122  GTibrourke9 8245 2012-10-11T19:53:46Z  HPoint-Ceres-GT1-lorolfkd2013
923 1342232694  GTlorourke9 4010 2011-11-23T11:31:20Z  HPoint-Ceres-GT1-lorouidev2011
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Table 6 Overview of all relevant Herschel-PACS photometer scap-pizservations of (2) Pallas.

OD OBSID Proposal Dur. Starttime AOR Label
1295 1342256237 rppad$7 286 2012-11-29T06:28:31Z RPPhotElisRPPhotFlux324B.sPS110.200Jyblu_Pallas0006
1295 1342256236 rppad$7 286 2012-11-29T06:22:42Z  RPPhotElisRPPhotFlux324B sPS070.200Jyblu_Pallas0006
1295 1342256234 rppad$7 286 2012-11-29T06:13:08Z RPPhotElisRPPhotFlux324B.sPS110.50Jy.red Pallas0006
1295 1342256233 rppad$7 286 2012-11-29T06:07:19Z RPPhotElisRPPhotFlux324B sPS070.50Jy red Pallas0006
1139 1342247437 rppadt3 286 2012-06-25T21:08:55Z RPPhotElisRPPhotFlux324B.sPS110.200Jyblu_Pallas0005
1139 1342247436 rppadst3 286 2012-06-25T21:03:06Z RPPhotElisRPPhotFlux324B sPS070.200Jyblu_Pallas0005
1139 1342247434 rppadt3 286  2012-06-25T20:53:32Z  RPPhotElisRPPhotFlux324B sPS11050Jy red Pallas0005
1139 1342247433 rppadt3 286 2012-06-25T20:47:43Z  RPPhotElisRPPhotFlux324B.sPS070.50Jy.red Pallas0005
889 1342231268 rppack)5 286 2011-10-20T04:39:02Z RPPhotFElisRPPhotFlux631A sPS110.Planckgrn Pallas0003
889 1342231267  rppack)5 286 2011-10-20T04:33:13Z  RPPhotFEisRPPhotFlux631A_sPS070 Planckgrn_Pallas0003
889 1342231265 rppack)5 286 2011-10-20T04:23:39Z RPPhotElisRPPhotFlux631A sPS110.Planckblu_Pallas0003
889 1342231264 rppack)5 286 2011-10-20T04:17:50Z  RPPhotFElisRPPhotFlux631A sPS070.Planckblu_Pallas0003
720 1342220591  rppack’ 286 2011-05-04T11:45:19Z RPPhotFIiIsRPPhotFlux631A sPS110 Planckgrn Pallas0002
720 1342220590  rppacs’/ 286 2011-05-04T11:39:30Z RPPhotFIIsRPPhotFlux631A sPS070.PlanckgrnPallas0002
720 1342220589  rppacs’/ 286 2011-05-04T11:33:41Z RPPhotRIIsRPPhotFlux631A sPS110.Planckblu-Pallas0002
720 1342220588  rppack’ 286 2011-05-04T11:27:52Z  RPPhotFIisRPPhotFlux631A sPS070.Planckblu_Pallas0002
686 1342217785  rppacst 286 2011-03-31T13:25:38Z RPPhotFIIsRPPhotFlux324B sPS110.50Jy.red Pallas0003
686 1342217784  rppacsh 286 2011-03-31T13:19:49Z  RPPhotFIiIsRPPhotFlux324B sPS070.50Jy.red Pallas0003
686 1342217782  rppackt 286 2011-03-31T13:10:15Z RPPhotRIIxRPPhotFlux324B sPS110.200Jyblu_Pallas0003
686 1342217781  rppacsh 286 2011-03-31T13:04:26Z RPPhotFIixRPPhotFlux324B sPS070.200Jyblu_Pallas0003
446 1342202080 rppac33 286 2010-08-02T18:35:22Z  RPPhotRIsRPPhotFlux631A sPS110.Planckgrn Pallas0001
446 1342202079 rppac3 286 2010-08-02T18:29:33Z  RPPhotFIisRPPhotFlux631A sPS070.Planckgrn Pallas0001
446 1342202077 rppac3 286 2010-08-02T18:19:59Z  RPPhotFIisRPPhotFlux631A sPS110 Planckblu_Pallas0001
446 1342202076  rppa3 286 2010-08-02T18:14:10Z RPPhotFIIsRPPhotFlux631A sPS070.Planckblu_Pallas0001
245 1342189267 rppads 254  2010-01-14T08:00:09Z RPPhotFllxRPPhotFlux324B sPS117.50Jy red Pallas0001
245 1342189266 rppads 254  2010-01-14T07:54:52Z  RPPhotFIlxRPPhotFlux324B.sPS063 50y red Pallas0001
245 1342189265 rppads 254  2010-01-14T07:49:35Z  RPPhotFlIlxRPPhotFlux324B sPS117.200Jy blu_Pallas0001
245 1342189264  rppacds 254  2010-01-14T07:44:18Z RPPhotFIixKRPPhotFlux324B sPS063.200Jy blu_Pallas0001

Table 7 Overview of all relevant Herschel-PACS photometer chog-observations of (2) Pallas.

OD OBSID Proposal Dur. Starttime AOR Label
1295 1342256235 rppad$67 162 2012-11-29T06:18:57Z RPPhotElisRPPhotFlux324A cPS200Jyblu_Pallas0006
1295 1342256232 rppad$7 162 2012-11-29T06:03:34Z  RPPhotElisRPPhotFlux324A cPS50Jy.red Pallas0006
1139 1342247435 rppadt3 162 2012-06-25T20:59:21Z  RPPhotElisRPPhotFlux324A cPS200Jyblu_Pallas0005
1139 1342247432 rppadt3 162 2012-06-25T20:43:58Z  RPPhotElisRPPhotFlux324A cPS50Jy.red Pallas0005
889 1342231266 rppacd5 162 2011-10-20T04:29:28Z  RPPhotFElipRPPhotFlux324A cPS50Jy red Pallas0004
889 1342231263  rppack)5 162 2011-10-20T04:14:05Z RPPhotFElisRPPhotFlux324A cPS200Jyblu_Pallas0004
686 1342217783  rppacst 162 2011-03-31T13:16:04Z RPPhotFlIxRPPhotFlux324A cPS50Jy.red Pallas0003
686 1342217780 rppackt 162 2011-03-31T13:00:41Z RPPhotRlIsRPPhotFlux324A_ cPS200Jyblu_Pallas0003
446 1342202078 rppac3 162 2010-08-02T18:25:48Z RPPhotFlIxRPPhotFlux324A cPS50Jy.red Pallas0002
446 1342202075 rppa&3 162 2010-08-02T18:10:25Z RPPhotFlInRPPhotFlux324A cPS200Jyblu_Pallas0002
245 1342189263 rppads 162 2010-01-14T07:40:33Z  RPPhotFllxRPPhotFlux324A_ cPS50Jy.red Pallas0001
245 1342189262 rppads 162 2010-01-14T07:36:48Z RPPhotFElxRPPhotFlux324A_cPS200Jyblu_Pallas0001
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Table 8 Overview of all relevant Herschel-SPIRE photometer oletéons of (2) Pallas, like in Table 4.

OD OBSID Proposal Dur.  Starttime Mode AOR Label

1348 1342261598 rpspir52 1356  2013-01-20T17:07:59Z PS cycleBEPhoto-PointS-Rep4-Pallas

1348 1342261597  rpspirk52 593 2013-01-20T16:57:41Z SmMap cycleB&Photo-SmallM-Rep4-Pallas

1330 1342258378  rpspirE50 593 2013-01-03T03:48:49Z SmMap cycleBEPhoto-SmallM-Rep4-Pallas

1314 1342257361  rpspiri48 593 2012-12-17T18:49:33Z SmMap cycleBBEPhoto-SmallM-Rep4-Pallas

1156 1342247987  rpspirk23 593 2012-07-12T21:20:45Z SmMap cyclel“&Photo-SmallM-Rep4-Pallas

1156 1342247986 rpspirB23 1356 2012-07-12T20:57:41Z PS cyclel{&Photo-PointS-Rep4-Pallas

1116 1342246576  rpspikl7 593 2012-06-02T20:31:54Z SmMap cyclebBPhoto-SmallM-Rep4-Pallas
915 1342232342  rpspirg4 593 2011-11-15T14:26:03Z SmMap cyclebBPhoto-SmallM-Rep4-Pallas
880 1342230881  rpspir@0 593 2011-10-11T13:23:13Z SmMap cyclebEBPhoto-SmallM-Rep4-Pallas
718 1342219819  rpspirg6 2977  2011-05-02T722:08:38Z LgMap  cycle3&SPhoto-LargeM-Rep4-15x15-Pallas
683 1342216957  rpspirs2 593 2011-03-28T23:08:45Z SmMap cycleB&Photo-SmallM-Rep4-Pallas
467 1342203584  rpspird4 593 2010-08-23T20:01:40Z SmMap cycleP{BPhoto-SmallM-Rep4-Pallas - 0001
458 1342203076  rpspir24 593 2010-08-15T13:13:44Z SmMap cyclePBPhoto-SmallM-Rep4-Pallas
447 1342202207  rpspire2 2977  2010-08-04T11:56:14Z LgMap  cyclel®SPhoto-LargeM-Rep4-15x15-Pallas
423 1342200202  rpspir20 1334 2010-07-11T07:15:37Z LgMap  cyclel7SPhoto-LargeM-Rep4-8x8-Pallas - 0001
423 1342200201  rpspir20 593 2010-07-11T07:05:11Z SmMap cyclel-’EPhoto-SmallM-Rep4-Pallas - 0001
423 1342200200 rpspir20 1356 2010-07-11T06:42:07Z PS cyclel-BPhoto-PointS-Rep4-Pallas - 0001
417 1342199784  rpspir20 1334 2010-07-05T11:32:44Z LgMap  cyclel7SPhoto-LargeM-Rep4-8x8-Pallas
417 1342199783  rpspir20 593 2010-07-05T11:22:18Z SmMap cyclel-BPhoto-SmallM-Rep4-Pallas
417 1342199782  rpspir20 1356 2010-07-05T10:59:14Z PS cyclel-’BPhoto-PointS-Rep4-Pallas
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Table 9 Overview of all relevant Herschel-PACS photometer scap-pizservations of (4) Vesta.

OD OBSID Proposal Dur. Starttime AOR Label
1377 1342263925 rppads’9 286 2013-02-19T09:06:16Z RPPhotFEisRPPhotFlux324B.sPS110.200Jyblu_Vesta0006
1377 1342263924  rppads’9 286 2013-02-19T09:00:27Z  RPPhotElisRPPhotFlux324B_sPS070.200Jyblu_Vesta0006
1377 1342263922  rppads’9 286 2013-02-19T08:50:53Z  RPPhotFlisRPPhotFlux324B.sPS110.100Jygrn Vesta0006
1377 1342263921 rppads’9 286 2013-02-19T08:45:04Z  RPPhotEisRPPhotFlux324B_sPS070.100Jygrn_Vesta0006
1202 1342250299 rppadb3 286 2012-08-28T04:03:03Z RPPhotFibRPPhotFlux323B.sPS110.88Jy blu_c73 Vesta05
1202 1342250298 rppadH3 286 2012-08-28T03:57:14Z  RPPhotElisRPPhotFlux323B_.sPS070.88Jy blu_c73 Vesta05
900 1342231693 rppack)5 286 2011-10-31T03:31:07Z RPPhotElisRPPhotFlux631A sPS110 Planckgrn_Vesta0003
900 1342231692  rppack)5 286 2011-10-31T03:25:18Z RPPhotEisRPPhotFlux631A_ sPS07QPlanckgrn Vesta0003
900 1342231690 rppack)5 286 2011-10-31T03:15:44Z  RPPhotEisRPPhotFlux631A sPS110 Planckblu_Vesta0003
900 1342231689 rppackd5 286 2011-10-31T03:09:55Z RPPhotEisRPPhotFlux631A_ sPS07QPlanckblu_Vesta0003
743 1342221728  rppac? 286 2011-05-27T02:27:26Z  RPPhotFIIRPPhotFlux323B sPS110.120Jygrn.c40 Vesta03
743 1342221727  rppad2 286 2011-05-27T02:21:37Z  RPPhotRIIsRPPhotFlux323B.sPS070.120Jy.grn.c40.Vesta03
743 1342221725 rppac? 286 2011-05-27T02:12:03Z RPPhotRIIbRPPhotFlux323B sPS110.211Jyblu_c40.Vesta03
743 1342221724  rppad2 286 2011-05-27T02:06:14Z  RPPhotHiIsRPPhotFlux323B sPS070.211Jyblu_c40.Vesta03
726 1342220291 rppack® 286 2011-05-10T02:27:48Z  RPPhotHiIsRPPhotFlux323B sPS110.100Jygrn.c39 Vesta03
726 1342220290 rppac®® 286 2011-05-10T02:21:59Z  RPPhotFIIRPPhotFlux323B.sPS070.100Jygrn.c39 Vesta03
726 1342220288 rppac®® 286 2011-05-10T02:12:25Z  RPPhotHiIsRPPhotFlux323B sPS110.176Jyblu_c39.Vesta03
726 1342220287  rppac®® 286 2011-05-10T02:06:36Z  RPPhotFIIsRPPhotFlux323B sPS070.176Jyblu_c39.Vesta03
720 1342220587  rppack/ 286 2011-05-04T11:17:05Z RPPhotHIsRPPhotFlux323B sPS110.90Jygrn.c38 Vesta03
720 1342220586  rppacs/ 286 2011-05-04T11:11:16Z RPPhotRIIbRPPhotFlux323B.sPS070.90Jy grn.c38 Vesta03
720 1342220584  rppack/ 286 2011-05-04T11:01:42Z RPPhotHiIsRPPhotFlux323B sPS110.159Jyblu_c38 Vesta03
720 1342220583  rppacs/ 286 2011-05-04T10:55:53Z  RPPhotFIIsRPPhotFlux323B sPS070.159Jyblu_c38 Vesta03
703 1342218748  rppackh 286 2011-04-17T14:18:51Z RPPhotRIIbRPPhotFlux323B.sPS110.75Jy grn.c37_Vesta03
703 1342218747  rppackh 286 2011-04-17T14:13:02Z RPPhotHiIsRPPhotFlux323B sPS070Q.75Jy grn.c37-Vesta03
703 1342218745  rppackh 286 2011-04-17T14:03:28Z  RPPhotRIIbRPPhotFlux323B sPS110.132Jyblu_c37-Vesta03
703 1342218744  rppackh 286 2011-04-17T13:57:39Z  RPPhotHiIsRPPhotFlux323B sPS070.132Jyblu_c37-Vesta03
686 1342217779  rppacst 286 2011-03-31T12:50:07Z RPPhotRIIbRPPhotFlux323B sPS110.120Jyblu_c36.Vesta03
686 1342217778  rppacst 286 2011-03-31T12:44:18Z RPPhotHiIsRPPhotFlux323B sPS070.120Jyblu_c36 Vesta03
677 1342216613 rppack 1055 2011-03-22T11:04:25Z RPPhotSpatidRPPhotSpatiaB14C StdScan135ned grn Vesta0001
677 1342216612 rppack® 1055 2011-03-22T10:45:47Z RPPhotSpatidRPPhotSpatiaB14C StdScan045ned grn_ Vesta0001
677 1342216611 rppack 1055 2011-03-22T10:27:09Z RPPhotSpatidRPPhotSpatiaB14C StdScan135nedblu-Vesta0001
677 1342216610 rppack 1055 2011-03-22T10:08:31Z RPPhotSpati@dRPPhotSpatiaB14C StdScan045nedblu_Vesta0001
677 1342216609 rppack 286 2011-03-22T10:02:42Z  RPPhotHiIsRPPhotFlux323B sPS110.106Jyblu_c35 Vesta03
677 1342216608 rppack 286 2011-03-22T09:56:53Z  RPPhotFIIRPPhotFlux323B sPS070.106Jyblu_c35 Vesta03
348 1342195628 rppack3 276  2010-04-27T03:29:56Z RPPhotHiIsRPPhotFlux631A sPS110 Planckgrn Vesta0001
348 1342195627 rppack3 276  2010-04-27T03:24:17Z  RPPhotFIsRPPhotFlux631A sPS070.Planckgrn_Vesta0001
348 1342195625 rppack3 276  2010-04-27T03:14:53Z  RPPhotHiIsRPPhotFlux631A sPS110.Planckblu-Vesta0001
348 1342195624  rppack3 276 2010-04-27T03:09:14Z  RPPhotHiIsRPPhotFlux631A sPS070.Planckblu_-Vesta0001
348 1342195622 rppack3 3926  2010-04-27T01:59:00Z RPPhotSpatidRPPhotSpatiaB14B StdScan+20ned grn Vesta0001
345 1342195477  rppacs3 741  2010-04-24T01:43:57Z RPPhotSpatidRPPhotSpatiaB14A _StdScan-42med grn Vesta0001
345 1342195476  rppack3 741  2010-04-24T01:30:33Z  RPPhotSpatidRPPhotSpatiaB14A_StdScan+42nedgrn_Vesta0001
345 1342195475  rppacs3 703 2010-04-24T01:17:47Z  RPPhotSpatidRPPhotSpatiaB14A_StdScan-42hi_grn_Vesta0001
345 1342195474  rppack3 703 2010-04-24T01:05:01Z RPPhotSpaligRPPhotSpatiaB14A_StdScan+4zi_grn_ Vesta0001
345 1342195473  rppacs3 741  2010-04-24T00:51:37Z  RPPhotSpatidRPPhotSpatiaB14A_StdScan-42nmedblu_Vesta0001
345 1342195472  rppack3 741 2010-04-24T00:38:13Z  RPPhotSpatidRPPhotSpatiaB14A_StdScan+42nedblu_Vesta0001
345 1342195471 rppack3 703  2010-04-24T00:25:27Z  RPPhotSpatidRPPhotSpatiaB14A_StdScan-42hi_blu_Vesta0001
345 1342195470 rppack3 703 2010-04-24T00:12:41Z  RPPhotSpatidRPPhotSpatiaB14A_StdScan+42i_blu_Vesta0001
160 1342186137 pvpad0 831 2009-10-21T02:33:52Z  PVPhotSpatiaPVPhotSpatiaB14D StdScanbluhigh Vesta0001
160 1342186136 pvpad0 865 2009-10-21T02:18:24Z  PVPhotSpatiaPVPhotSpatiaB14D_.StdScanblumed Vesta0001
160 1342186135 pvpad0 1227  2009-10-21T01:56:54Z  PVPhotSpafiaPVPhotSpatiaB14D_StdScanblulow_Vesta0001
160 1342186134 pvpadd 831 2009-10-21T01:42:00Z  PVPhotSpatiaPVPhotSpatiaB14D_StdScangrnhigh Vesta0001
160 1342186133 pvpadd 865 2009-10-21T01:26:32Z  PVPhotSpatiaPVPhotSpatiaB14D StdScangrnmedVesta0001
160 1342186132 pvpadd 1227 2009-10-21T01:05:02Z PVPhotSpafiaPVPhotSpatiaB14D_StdScangrnlow_Vesta0001
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Table 10 Overview of all relevant Herschel-PACS photometer chog-observations of (4) Vesta.

OD OBSID Proposal Dur. Starttime AOR Label
1377 1342263923  rppads’9 162  2013-02-19T08:56:42Z  RPPhotElisRPPhotFlux324A cPS200Jyblu_Vesta0006
1377 1342263920 rppads’9 162 2013-02-19T08:41:19Z RPPhotEiisRPPhotFlux324A_cPS100Jygrn Vesta0006
1202 1342250297 rppadb3 162 2012-08-28T03:53:29Z RPPhotFElisRPPhotFlux323A cPS88Jyblu_c73 Vesta05
1181 1342249193 rppadsi9 162 2012-08-07T02:54:22Z  RPPhotEisRPPhotFlux323A.cPS200Jyblu_c71 Vesta05
1181 1342249192  rppadt9 162  2012-08-07T02:50:37Z  RPPhotElisRPPhotFlux324A cPS100Jygrn Vesta0005
900 1342231691 rppack)5 162  2011-10-31T03:21:33Z  RPPhotEiisRPPhotFlux324A_cPS100Jygrn Vesta0004
900 1342231688 rppack)5 162 2011-10-31T03:06:10Z RPPhotEisRPPhotFlux324A cPS200Jyblu_Vesta0004
743 1342221726  rppad2 162 2011-05-27T02:17:52Z RPPhotFlinRPPhotFlux323A_ cPS120Jygrn.c4Q Vesta03
743 1342221723  rppac? 162  2011-05-27T02:02:29Z  RPPhotRIIRPPhotFlux323A.cPS211Jyblu_c4Q Vesta03
726 1342220289  rppack® 162  2011-05-10T02:18:14Z RPPhotFlIxRPPhotFlux323A cPS100Jygrn.c39 Vesta03
726 1342220286  rppac’® 162 2011-05-10T02:02:51Z  RPPhotRIIRPPhotFlux323A.cPS176Jyblu_c39 Vesta03
720 1342220585  rppack’ 162 2011-05-04T11:07:31Z RPPhotRlIIlRPPhotFlux323A.cPS90Jy.grn.c38 Vesta03
720 1342220582  rppacs/ 162 2011-05-04T10:52:08Z RPPhotFIIRPPhotFlux323A.cPS159Jyblu_c38 Vesta03
703 1342218746  rppackh 162 2011-04-17T14:09:17Z RPPhotFlisRPPhotFlux323A_cPS75Jy.grn_c37-Vesta03
703 1342218743  rppackh 162 2011-04-17T13:53:547 RPPhotFlisRPPhotFlux323A_cPS132Jyblu_c37-Vesta03
686 1342217777  rppacst 162 2011-03-31T12:40:33Z  RPPhotRIIRPPhotFlux323A.cPS120Jyblu_c36 Vesta03
677 1342216607 rppack 162  2011-03-22T09:53:08Z RPPhotFlIxRPPhotFlux323A cPS106Jyblu_c35 Vesta03
348 1342195626 rppack3 162  2010-04-27T03:20:32Z  RPPhotFIIMRPPhotFlux324A_ cPS100Jygrn Vesta0001
348 1342195623 rppack3 162  2010-04-27T03:05:29Z RPPhotFlIxRPPhotFlux324A cPS200Jyblu_Vesta0001
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Table 11 Overview of all relevant Herschel-Spire photometer obestioms of (4) Vesta like in Table 4.

OD OBSID Proposal Dur.  Starttime Mode AOR Label

1403 1342267747  rpspire60 593 2013-03-17T04:53:35Z SmMap cycleBBPhoto-SmallM-Rep4-Vesta

1388 1342265385  rpspirks8 593 2013-03-02T06:55:50Z SmMap cycleB&Photo-SmallM-Rep4-Vesta

1375 1342263811  rpspirk56 593 2013-02-17T00:23:02Z SmMap cycleB&sPhoto-SmallM-Rep4-Vesta

1201 1342250324  rpspirE30 593 2012-08-26T16:47:24Z SmMap cyclelFBPhoto-SmallM-Rep4-Vesta

1179 1342249090 rpspirk26 593 2012-08-05T12:26:59Z SmMap cycle-EPhoto-SmallM-Rep4-Vesta
916 1342232369  rpspird6 593 2011-11-16T12:04:22Z SmMap cycleb&Photo-SmallM-Rep4-Vesta
892 1342231347  rpspir@2 593 2011-10-23T13:43:33Z SmMap cyclebBEPhoto-SmallM-Rep4-Vesta
702 1342218688  rpspirg4 593 2011-04-16T01:26:07Z SmMap cycleBBPhoto-SmallM-Rep4-Vesta
669 1342215994  rpspirgl 593 2011-03-13T21:11:57Z SmMap cycleB&SPhoto-SmallM-Rep4-Vesta
411 1342199329  rpspirk9 1334 2010-06-28T20:36:13Z LgMap  cycleléSPhoto-LargeM-Rep4-8x8-Vesta - 0001
411 1342199328  rpspirg9 593 2010-06-28T20:25:47Z SmMap cyclel&Photo-SmallM-Rep4-Vesta - 0001
411 1342199327  rpspirg9 1356 2010-06-28T20:02:43Z PS cyclel4sPhoto-PointS-Rep4-Vesta - 0001
402 1342198575  rpspirg9 1334 2010-06-19T16:02:47Z LgMap  cyclelé&SPhoto-LargeM-Rep4-8x8-Vesta
402 1342198574  rpspirg9 593 2010-06-19T15:52:21Z SmMap cyclel&Photo-SmallM-Rep4-Vesta

402 1342198573  rpspirg9 1356 2010-06-19T15:29:17Z PS cyclelsPhoto-PointS-Rep4-Vesta
393 1342198144  rpspiré8 593 2010-06-10T16:49:59Z SmMap cyclel&Photo-SmallRep4-Vesta
393 1342198143  rpspirk8 1356 2010-06-10T16:26:55Z PS cyclel&sPhoto-Point-Rep4-Vesta

393 1342198142  rpspiré8 1334 2010-06-10T16:04:11Z LgMap  cyclelsSPhoto-Large-Rep4-8x8-Vesta

381 1342197317  rpspirg7 1261 2010-05-30T15:44:54Z LgMap  cyclel4SPhoto-Large-Rep4-8x8-Vesta-Fast
381 1342197316  rpspirg7 1334 2010-05-30T15:21:59Z LgMap  cyclel4SPhoto-Large-Rep4-8x8-Vesta

381 1342197315 rpspirg7 593 2010-05-30T15:11:33Z SmMap cyclel$Photo-SmallRep4-Vesta

381 1342197314  rpspirg? 1356 2010-05-30T14:48:292 PS cyclel&Photo-Point-Rep4-Vesta

369 1342196667  rpspirk6 1334 2010-05-18T14:34:08Z LgMap  cyclelsSPhoto-Large-Rep4-8x8-Vesta

369 1342196666  rpspirk6 593 2010-05-18T14:23:42Z SmMap cyclel&Photo-SmallRep4-Vesta

369 1342196665 pvspire7 1356 2010-05-18T14:00:38Z PS cycle2EPhoto-Point-Rep4-Vesta

354 1342195750  rpspirgs 1334 2010-05-03T10:39:14Z LgMap  cyclel2SPhoto-Large-Rep4-8x8-Vesta

354 1342195749  rpspirgs 593 2010-05-03T10:28:48Z SmMap cyclel:BEPhoto-SmallRep4-Vesta

354 1342195748  pvspiré5 1356 2010-05-03T10:05:44Z PS cyclea-BPhoto-Point-Rep4-Vesta

181 1342186948 pvspirdd 1468 2009-11-11T19:28:15Z PS pHieSPhoto-PointRep4-bright

181 1342186947  pvspiré9 1468 2009-11-11T719:03:31Z PS pHeSpirePhotoPointJiggleGen-otherWay-bright

181 1342186946  pvspiré9 1459 2009-11-11T18:38:56Z PS plieSPhoto-PointRep4

181 1342186944  pvspiré9 1459  2009-11-11T17:55:21Z PS pHeSpirePhotoPointJiggleGen-otherWay

168 1342186507 pvspi6 1449  2009-10-29T01:15:33Z  Scan phot-flux-BeBpirePhotoLargeScanGen-Array-Scan-Y-Rep2-4Vest
167 1342186490 pvspiré5 1458 2009-10-28T20:28:58Z  Scan phot-flux-2ebpirePhotoLargeScanGen-Array-Scan+Y-Rep2-4Ves
167 1342186489  pvspirés 1468 2009-10-28T20:03:45Z PS phot-flux-2aEPhoto-PointRep4-bright

153 1342186002  pvspiré2 427  2009-10-14T21:27:42Z PS phot-otlleEPhoto-7pt-Repl-Vesta - copy - 0003

153 1342186001 pvspiré2 243  2009-10-14T21:23:13Z PS phot-otheBpirePhotoPeakupGen-PSW-E6 - 4 Vesta

153 1342186000 pvspiré2 427  2009-10-14T21:15:40Z PS phot-otleEPhoto-7pt-Repl-Vesta - copy - 0004

153 1342185999  pvspiré2 243  2009-10-14T21:11:11Z PS phot-otleBpirePhotoPeakupGen-PSW-E10 - 4 Vesta

153 1342185989  pvspiré2 427  2009-10-14T20:07:39Z PS phot-oteEPhoto-7pt-Repl-Vesta - copy - 0002

153 1342185988  pvspiré2 243  2009-10-14T20:03:24Z PS phot-otheBpirePhotoPeakupGen-0000 - 4 Vesta

153 1342185987  pvspiré2 427  2009-10-14T19:56:05Z PS phot-oteBPhoto-7pt-Repl-Vesta - copy - 0001

153 1342185938  pvspiré2 1458 2009-10-14T16:12:24Z  Scan phot-flux-tebpirePhotoLargeScanGen-Array-Scan+Y-Rep2-4Ves
153 1342185926  pvspird2 1468  2009-10-14T15:22:00Z PS phot-flux-¢aEpirePhotoPointJiggleGen-otherWay-bright

153 1342185924  pvspiré2 1468 2009-10-14T14:38:27Z2 PS phot-flux-éaSPhoto-PointRep4-bright

153 1342185922  pvspiré2 1459  2009-10-14T13:55:03Z PS phot-flux-&aSPhoto-PointRep4 - copy

153 1342185921  pvspird2 1459  2009-10-14T13:30:32Z PS phot-flux-¢aEpirePhotoPointJiggleGen-otherWay

153 1342185909 pvspiré2 1449  2009-10-14T12:40:22Z  Scan phot-flux-tebpirePhotoLargeScanGen-Array-Scan+Y-Rep2-4Ves
153 1342185908 pvspiré2 1449  2009-10-14T12:15:51Z Scan phot-flux-teBpirePhotoLargeScanGen-Array-Scan-Y-Rep2-4Vest
153 1342185810 pvspird2 1459 2009-10-14T00:22:32Z PS phot-flux-¢aSPhoto-PointRep4

153 1342185807 pvspié2 427  2009-10-14T00:10:39Z PS phot-otieBPhoto-7pt-Repl-Vesta

153 1342185794  pvspiré2 1161 2009-10-13T23:24:15Z  Scan phot-flux-teBpirePhotoLargeScan-Array-Scan-Y-PMW-Rep2-4Ve
153 1342185793  pvspird2 1161  2009-10-13T23:04:32Z  Scan phot-flux-teBpirePhotoLargeScan-Array-Scan+Y-PMW-Rep2-4Vi
153 1342185792  pvspié2 1170 2009-10-13T22:44:40Z  Scan phot-flux-teBpirePhotoLargeScan-Array-Scan-Y-PMW-Rep2-4 V&

153 1342185791 pvspié2 1170 2009-10-13T22:24:48Z  Scan phot-flux-teBpirePhotoLargeScan-Array-Scan+Y-PMW-Rep2-4\/
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Table 12 Overview of all relevant Herschel-PACS photometer scap-pizservations of (21) Lutetia.

OD OBSID Proposal Dur. Starttime AOR Label
1399 1342267265 rppads83 286 2013-03-13T02:22:43Z RPPhotElisRPPhotFlux324B.sPS110.5Jy.blu_Lutetia 0006
1399 1342267264 rppads883 286 2013-03-13T02:16:54Z RPPhotElisRPPhotFlux324B sPS070.5Jy blu_Lutetia 0006
1399 1342267262 rppads33 286 2013-03-13T02:07:20Z RPPhotElisRPPhotFlux324B.sPS110.2Jy.grn Lutetia 0006
1399 1342267261 rppads83 286 2013-03-13T02:01:31Z RPPhotElisRPPhotFlux324B sPS070.2Jy.grn_Lutetia 0006
1198 1342250108 rppadb3 286 2012-08-23T22:51:36Z RPPhotElisRPPhotFlux324B.sPS110.5Jy.blu_Lutetia 0005
1198 1342250107 rppadb3 286 2012-08-23T22:45:47Z  RPPhotElisRPPhotFlux324B sPS070.5Jy blu_Lutetia 0005
1198 1342250105 rppadb3 286 2012-08-23T22:36:13Z RPPhotElisRPPhotFlux324B sPS110.2Jy grn Lutetia 0005
1198 1342250104 rppadb3 286 2012-08-23T22:30:24Z RPPhotElisRPPhotFlux324B.sPS070.2Jy.grn_Lutetia 0005
859 1342228951  rppac38 286 2011-09-19T21:23:31Z RPPhotFIixRPPhotFlux631A sPS110.Planckgrn Lutetia 0001
859 1342228950 rppad@8 286 2011-09-19T21:17:42Z  RPPhotRIsRPPhotFlux631A sPS070.Planckgrn Lutetia 0001
859 1342228948  rppac38 286 2011-09-19T21:08:08Z RPPhotFIixRPPhotFlux631A sPS110.Planckblu_Lutetia 0001
859 1342228947  rppac8 286 2011-09-19T21:02:19Z RPPhotFIisRPPhotFlux631A sPS070.Planckblu_Lutetia 0001
684 1342217415 rppacsh 286 2011-03-29T21:08:58Z RPPhotFIisRPPhotFlux324B sPS110 2Jy.grn Lutetia 0003
684 1342217414  rppacst 286  2011-03-29T21:03:09Z RPPhotRIIsRPPhotFlux324B.sPS070.2Jy.grn_Lutetia 0003
684 1342217412  rppackt 286 2011-03-29T20:53:35Z RPPhotFRIisRPPhotFlux324B.sPS110.5Jy.blu_Lutetia 0003
684 1342217411  rppacsh 286 2011-03-29T20:47:46Z RPPhotFIisRPPhotFlux324B sPS0705Jy.blu_Lutetia 0003
400 1342198495  rppack’ 286 2010-06-17T17:22:53Z  RPPhotFIixRPPhotFlux324B.sPS110.500mJyred Lutetia 0002
400 1342198494  rppacx’ 286 2010-06-17T17:17:04Z RPPhotFIinxRPPhotFlux324B sPS070.500mJyred Lutetia 0002
400 1342198493  rppack/ 286 2010-06-17T17:11:15Z RPPhotRIIsRPPhotFlux324B sPS110.2Jy.grn_Lutetia 0002
400 1342198492  rppacd’ 286 2010-06-17T17:05:26Z  RPPhotFIisRPPhotFlux324B sPS070 2Jy.grn_Lutetia 0002
221 1342188337 rppas 254  2009-12-21T02:07:02Z RPPhotFIlxRPPhotFlux324B.sPS117-500mJyred Lutetia 0001
221 1342188336 rppa 254  2009-12-21T02:01:45Z  RPPhotFllxRPPhotFlux324B sPS063 500mJyred Lutetia 0001
221 1342188335 rppa 254  2009-12-21T01:56:28Z  RPPhotFllxRPPhotFlux324B sPS117 2Jy grn Lutetia 0001
221 1342188334 rppacs 254 2009-12-21T01:51:117 RPPhotFIixKRPPhotFlux324B sPS063 2Jy.grn_Lutetia 0001

Table 13 Overview of all relevant Herschel-PACS photometer chog-olbservations of (21) Lutetia.

OD OBSID Proposal Dur. Starttime AOR Label
1399 1342267263 rppad83 162 2013-03-13T02:13:09Z RPPhotFlipRPPhotFlux324A cPS5Jy blu_Lutetia 0006
1399 1342267260 rppad83 162 2013-03-13T01:57:46Z RPPhotFlisRPPhotFlux324A cPS2Jy.grn Lutetia 0006
1198 1342250106 rppadb3 162 2012-08-23T22:42:02Z RPPhotElisRPPhotFlux324A cPS5Jy.blu_Lutetia 0005
1198 1342250103 rppadb3 162 2012-08-23T22:26:39Z RPPhotFlisRPPhotFlux324A cPS2Jy.grn Lutetia 0005
859 1342228949  rppad@8 162  2011-09-19T21:13:57Z RPPhotRIIxRPPhotFlux324A_ cPS2Jy.grn Lutetia 0004
859 1342228946 rppad8 162 2011-09-19T20:58:34Z  RPPhotFIInRPPhotFlux324A cPS5Jy blu_Lutetia 0004
684 1342217413 rppacst 162  2011-03-29T20:59:24Z  RPPhotFlIxRPPhotFlux324A_ cPS2Jy.grn Lutetia 0003
684 1342217410 rppack 162 2011-03-29T20:44:01Z RPPhotFinRPPhotFlux324A cPS5Jy blu_Lutetia 0003
221 1342188333 rppas 162 2009-12-21T01:47:26Z  RPPhotFlIlxRPPhotFlux324A_ cPS500mJyred Lutetia 0001
221 1342188332 rppack 162 2009-12-21T01:43:41Z  RPPhotFlIlxRPPhotFlux324A_cPS2Jy.grn_Lutetia 0001
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Table 14 Overview of all relevant Herschel-SPIRE photometer oletéms of (21) Lutetia like in Table 4.

OD OBSID Proposal Dur.  Starttime Mode AOR Label
1434 1342270326  rpspirk64 593 2013-04-17T11:36:39Z SmMap cycleBSPhoto-SmallM-Rep4-Lutetia
1411 1342268345  rpspirk62 593 2013-03-25T03:00:27Z SmMap cycleB&Photo-SmallM-Rep4-Lutetia
1402 1342267716  rpspire60 593 2013-03-16T04:13:22Z SmMap cycleBBPhoto-SmallM-Rep4-Lutetia
1388 1342265386  rpspirks8 593  2013-03-02T07:08:54Z SmMap cycleB&Photo-SmallM-Rep4-Lutetia
1215 1342250802  rpspirk32 593 2012-09-10T12:37:25Z SmMap cyclel<6Photo-SmallM-Rep4-Lutetia
1196 1342250637  rpspirk28 593 2012-08-22T12:58:26Z SmMap cyclel-5Photo-SmallM-Rep4-Lutetia
892 1342231344  rpspir@2 593 2011-10-23T13:07:52Z SmMap cyclebBEPhoto-SmallM-Rep4-Lutetia
861 1342229193  rpspiré8 593 2011-09-22T08:32:17Z SmMap cycletSSPhoto-SmallM-Rep4-Lutetia
423 1342200204 OTlorourke9 179 2010-07-11T07:55:55Z SmMap  SPhoto-Lutetia-Smallma

Table 15 Additional Herschel fixed position photometer observatigmo tracking).

OD OBSID Target RA  Dec Proposal Dur. Start time AOT Mo
50 1342179352 Ceres02072009 11h28m31.080s  +13d24m21.80pspirel8 158 2009-07-02T22:23:12Z  SpirePhoto  Sce
50 1342179351 Ceres02072009 11h28m31.080s  +13d24m21.80pspirel8 42  2009-07-02T22:22:10Z  SpirePhoto  Sce
50 1342179350 Ceres02072009 11h28m31.080s +13d24m21.@0pspirel8 3891 2009-07-02T21:17:03Z  SpirePhoto  Sc:
50 1342179349 Ceres02072009 11h28m31.080s  +13d24m21.80pspirel8 42  2009-07-02T21:16:05Z  SpirePhoto  Sce
50 1342179348 Ceres02072009 11h28m31.080s  +13d24m21.@0pspirel8 158 2009-07-02T21:13:15Z  SpirePhoto  Scz
42 1342179028 Ceres20090624 11h19m05.500s  +14d50m01.50pspirel5 42  2009-06-25T01:52:45Z  SpirePhoto  Sce
42 1342179027 Ceres20090624 11h19m05.500s +14d50mO01.80pspirel5 6303 2009-06-25T00:07:24Z  SpirePhoto  Sc:
42 1342179026 Ceres20090624  11h19m05.500s  +14d50m01.50pspirel5 42  2009-06-25T00:06:24Z  SpirePhoto  Sce
1179 1342249091 VestapTau-1 4h35m49.350s  +16d37m02.60s rpspé 1854 2012-08-05T12:38:02Z  SpirePacsParallel
1179 1342249093 midPasTauVesta 4h35m51.430s  +16d37m06.40s  rppk48 1576 2012-08-05T13:37:18Z PacsPhoto  sc:
1179 1342249092 midPasTauVesta 4h35m50.510s  +16d37m04.70s  rppb48 1576  2012-08-05T13:09:59Z7 PacsPhoto  sc:
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Observational results of the Herschel photometric measuments

Table 16: Photometric Herschel data of (1) Ceres togethtr thve observing geometry
and the TPM predictions. The instrument observing modesR&#€S-SM/-CN are PACS
photometer scan-map and chop-nod observations, SPIRESIM/A4re SPIRE photometer
large and small map modes. The last entry for HIFI is an aeecdidour individual obser-

vations. The HIFI measurement on OD 1247 (OBSID 1342253ha#)some problems:
the H- and V-band results were systematically different lbgue 16%.

oD OBSID mid-tme [JD] A [um] FD[Jy] o[Jy] Tr[AU] A[AU] al[°] TPM[Jdy] FD/TPM Instr/Mode
1244 1342252875 2456210.07473 70.00 409.887 20.901 2.71802836  21.0 394.159 1.04 PACS-SM
1244 1342252876  2456210.08767 70.00 411.248 20.970 2.71802834  21.0 394.279 1.04 PACS-SM
1441 1342270856 2456406.71818 70.00 246.876 12.588 2.58278983 -20.4 245.037 1.01 PACS-SM
1441 1342270851 2456406.67161 70.00 246.037 12.546 2.58278978 -20.4 245.142 1.00 PACS-SM
1441 1342270846 2456406.62462 70.00 248.024 12.647 2.58218973 -20.4 245.189 1.01 PACS-SM
1441 1342270841 2456406.57939 70.00 246.495 12569 2.58283968 -20.4 245.318 1.00 PACS-SM
1441 1342270828 2456406.54390 70.00 247.050 12.597 2.58288964 -20.4 245.318 1.01 PACS-SM
1441 1342270823  2456406.49797 70.00 247.781 12.634 2.58283959 -20.4 245.356 1.01 PACS-SM
1441 1342270818 2456406.45213 70.00 247.739 12.632 2.58283954 -20.4 245.474 1.01 PACS-SM
1441 1342270813 2456406.40569 70.00 247.050 12597 2.58298949 -20.4 245,558 1.01 PACS-SM
1441 1342270808 2456406.36095 70.00 246.601 12.574 2.58298944 -20.4 245.602 1.00 PACS-SM
1441 1342270803 2456406.32333 70.00 247.116 12.601 2.58298940 -20.4 245.683 1.01 PACS-SM
1441 1342270798  2456406.27708 70.00 247.304 12.610 2.58298935 -20.4 245.876 1.01 PACS-SM
1441 1342270787 2456406.23868 70.00 247.654 12.628 2.58298931 -20.4 245.787 1.01 PACS-SM
1420 1342269275 2456385.49679 70.00 289.112 14.742 2.59366519 -22.2 288.117 1.00 PACS-SM
1420 1342269276 2456385.50083 70.00 288.769 14.724 259366519 -22.2 288.300 1.00 PACS-SM
1244 1342252870 2456210.05597 70.00 407.485 20.778 2.718012838 21.0 394.135 1.03 PACS-SM
1244 1342252871  2456210.06001 70.00 405.165 20.660 2.71802838  21.0 394.149 1.03 PACS-SM
1237 1342252058 2456202.72458 70.00 370.605 18.897 2.72403861 21.5 359.514 1.03 PACS-SM
1237 1342252059 2456202.72862 70.00 370.578 18.896 2.72403861 21.5 359.555 1.03 PACS-SM
947 1342234467  2455912.52418 70.00 238.085 12.140 2.93248232 -19.8 233.768 1.02 PACS-SM
947 1342234468  2455912.52822 70.00 237.864 12.129 2.9324823% -19.8 233.731 1.02 PACS-SM
782 1342223699  2455747.61557 70.00 301.806 15.389 2.98255852 19.6 288.389 1.05 PACS-SM
782 1342223700 2455747.61961 70.00 302.572 15.428 2.98255852 19.6 288.505 1.05 PACS-SM
782 1342223701 2455747.62365 70.00 301.645 15.381 2.98245852 19.6 288.418 1.05 PACS-SM
782 1342223702  2455747.63659 70.00 302.951 15.448 2.98245842 19.6 288.438 1.05 PACS-SM
769 1342222938 2455735.09039 70.00 266.516 13.590 2.98347522 20.1 253.850 1.05 PACS-SM
769 1342222939  2455735.09443 70.00 267.016 13.615 2.98347522 20.1 253.873 1.05 PACS-SM
759 1342222566  2455724.80409 70.00 239.730 12.224 2.98398902  20.0 230.180 1.04 PACS-SM
759 1342222567 2455724.80813 70.00 240.300 12.253 2.98398902  20.0 230.180 1.04 PACS-SM
743 1342221738 2455708.75326 70.00 209.840 10.700 2.98421018 19.3 200.452 1.05 PACS-SM
743 1342221739 2455708.75730 70.00 209.750 10.695 2.98421018 19.3 200.580 1.05 PACS-SM
734 1342221350 2455699.97353 70.00 194.832 9.935 2.9840213B. 18.5 187.525 1.04 PACS-SM
734 1342221351 2455699.98647 70.00 194.617 9.924 2.98402128. 18.5 187.523 1.04 PACS-SM
726 1342220293  2455691.61455 70.00 183.897 9.377 2.98373148. 17.7 176.794 1.04 PACS-SM
726 1342220294 2455691.61859 70.00 184.016 9.383 2.98373148. 17.7 176.786 1.04 PACS-SM
485 1342204324  2455450.42484 70.00 279.586 14.256 2.89926232 -20.4 272.223 1.03 PACS-SM
485 1342204325  2455450.42888 70.00 279.873 14.271 2.89926232 -20.4 272.244 1.03 PACS-SM
286 1342191130 2455251.66015 70.00 253.020 12.902 2.7502902&@ 20.1 242.630 1.04 PACS-SM
286 1342191131  2455251.66407 70.00 253.040 12.903 2.75029022 20.1 242.709 1.04 PACS-SM
1420 1342269278 2456385.50748  100.00 163.302 8.327 2.59366520 -22.2 165.672 0.99 PACS-SM
1420 1342269279 2456385.51152  100.00 162.930 8.308 2.59366521 -22.2 165.685 0.98 PACS-SM
1244 1342252877 2456210.10061  100.00 228.886 11.688 @.712.2832 21.0 226.699 1.01 PACS-SM
1244 1342252878 2456210.11355  100.00 230.883 11.776 @.718.2830 21.0 226.724 1.02 PACS-SM
1244 1342252873 2456210.06666  100.00 227.991 11.639 @.718.2837 21.0 226.584 1.01 PACS-SM

continued on next page
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Table 16:continued
oD OBSID mid-tme [JD] A [um] FD[Jy] o[Jy] Tr[AU] A[AU] al[°] TPM[Jdy] FD/TPM Instr/Mode
1244 1342252874  2456210.07069 100.00 229.576 11.709 @.712.2836  21.0 226.609 1.01 PACS-SM
1237 1342252061 2456202.73527 100.00 209.280 10.671 (@.724.3860 215 206.929 1.01 PACS-SM
1237 1342252062 2456202.73931 100.00 209.326 10.674 (@.724.3859 21.5 206.857 1.01 PACS-SM
947 1342234470 2455912.53486 100.00 135.173 6.893 2.9324823@ -19.8 135.767 1.00 PACS-SM
947 1342234471  2455912.53890 100.00 134.979 6.883 2.93248232 -19.8 135.767 0.99 PACS-SM
782 1342223704  2455747.65213 100.00 171.144 8.727 2.98245842 19.6 167.184 1.02 PACS-SM
782 1342223705 2455747.65617 100.00 170.654 8.702  2.982458472  19.6 167.167 1.02 PACS-SM
782 1342223706  2455747.66021 100.00 170.418 8.690 2.9824584@ 19.6 167.174 1.02 PACS-SM
782 1342223707 2455747.67315 100.00 170.381 8.688 2.9824584%  19.6 167.193 1.02 PACS-SM
769 1342222941  2455735.10108 100.00 150.905 7.695 2.98347522 20.1 147.118 1.03 PACS-SM
769 1342222942  2455735.10512 100.00 149.935 7.645 298347522 20.1 147.113 1.02 PACS-SM
759 1342222569  2455724.81477 100.00 135.885 6.929 2.98398902 20.0 133.379 1.02 PACS-SM
759 1342222570 2455724.81881 100.00 135.333 6.901 2.98398902 20.0 133.411 1.01 PACS-SM
743 1342221741  2455708.76395 100.00 118.903 6.063 2.98421018 19.3 116.182 1.02 PACS-SM
743 1342221742  2455708.76799 100.00 118.688 6.052 2.98421018 19.3 116.163 1.02 PACS-SM
734 1342221352  2455699.99941 100.00 110.401 5.629 2.9840212B 18.5 108.593 1.02 PACS-SM
734 1342221353  2455700.01235 100.00 110.108 5.614 2.98402128 18.5 108.598 1.01 PACS-SM
726 1342220296  2455691.62523 100.00 103.990 5.303 2.98373143 17.7 102.351 1.02 PACS-SM
726 1342220297 2455691.62927 100.00 103.229 5.264 2.98373148 17.7 102.359 1.01 PACS-SM
485 1342204327  2455450.43552 100.00 157.841 8.048 2.89926232 -20.4 158.020 1.00 PACS-SM
485 1342204328 2455450.43956 100.00 157.735 8.043 2.89926232 -20.4 157.998 1.00 PACS-SM
286 1342191133 2455251.67060 100.00 142.345 7.258 2.7502902%2  20.1 139.605 1.02 PACS-SM
286 1342191134 2455251.67453 100.00 141.924 7.237 2.75029022  20.1 139.544 1.02 PACS-SM
1420 1342269275 2456385.49679 160.00 70.713 3.607 2.59366512 -22.2 70.796 1.00 PACS-SM
1420 1342269276  2456385.50083  160.00 70.844 3.613 2.59366512 -22.2 70.845 1.00 PACS-SM
1420 1342269278 2456385.50748  160.00 70.884 3.615 2.5936652@ -22.2 70.800 1.00 PACS-SM
1420 1342269279  2456385.51152 160.00 70.885 3.615 2.59366522 -22.2 70.805 1.00 PACS-SM
1244 1342252875 2456210.07473  160.00 103.468 5.329 2.71802836  21.0 96.762 1.07 PACS-SM
1244 1342252876 2456210.08767 160.00 103.103 5.358 2.71@02834  21.0 96.792 1.07 PACS-SM
1244 1342252877 2456210.10061 160.00 102.964 5.401 2.71802832 21.0 96.801 1.06 PACS-SM
1244 1342252878 2456210.11355  160.00 103.009 5.478 2.71@02830 21.0 96.810 1.06 PACS-SM
1441 1342270856 2456406.71818  160.00 60.172 3.069 2.58278982 -20.4 60.042 1.00 PACS-SM
1441 1342270851 2456406.67161 160.00 59.980 3.061 2.58278972 -20.4 60.069 1.00 PACS-SM
1441 1342270846  2456406.62462 160.00 60.404 3.081 2.58278972 -20.4 60.079 1.01 PACS-SM
1441 1342270841 2456406.57939 160.00 60.019 3.061 2.58288962 -20.4 60.111 1.00 PACS-SM
1441 1342270828 2456406.54390  160.00 60.117 3.067 2.58288962 -20.4 60.113 1.00 PACS-SM
1441 1342270823  2456406.49797 160.00 60.270 3.073 2.58283952 -20.4 60.123 1.00 PACS-SM
1441 1342270818 2456406.45213  160.00 60.227 3.072 2.58288952 -20.4 60.152 1.00 PACS-SM
1441 1342270813  2456406.40569 160.00 60.159 3.068 2.58298942 -20.4 60.173 1.00 PACS-SM
1441 1342270808 2456406.36095  160.00 59.914 3.056 2.58298942 -20.4 60.184 1.00 PACS-SM
1441 1342270803 2456406.32333  160.00 60.269 3.074 2.58298942 -20.4 60.204 1.00 PACS-SM
1441 1342270798 2456406.27708  160.00 60.305 3.078 2.5829893%2 -20.4 60.252 1.00 PACS-SM
1441 1342270787 2456406.23868  160.00 60.149 3.070 2.58298932 -20.4 60.231 1.00 PACS-SM
1244 1342252870 2456210.05597 160.00 95.488 5.043 2.71802832 21.0 96.758 0.99 PACS-SM
1244 1342252871 2456210.06001 160.00 98.945 5.403 2.71802832 21.0 96.760 1.02 PACS-SM
1244 1342252873 2456210.06666  160.00 94.444 5.228 2.71802832  21.0 96.753 0.98 PACS-SM
1244 1342252874  2456210.07069 160.00 100.210 5.355 2.71@02836  21.0 96.763 1.04 PACS-SM
1237 1342252058 2456202.72458  160.00 90.929 4.638 2.72403862 21.5 88.330 1.03 PACS-SM
1237 1342252059 2456202.72862 160.00 91.166 4.649 2.72403862 21.5 88.340 1.03 PACS-SM
1237 1342252061 2456202.73527 160.00 90.923 4.637 2.7240386@ 21.5 88.392 1.03 PACS-SM
1237 1342252062 2456202.73931 160.00 91.179 4.650 2.72403852 21.5 88.359 1.03 PACS-SM
947 1342234467  2455912.52418 160.00 58.727 2.996 2.9324823%. -19.8 58.508 1.00 PACS-SM
947 1342234468  2455912.52822 160.00 58.633 2,991 2.9324823%2. -19.8 58.499 1.00 PACS-SM
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oD OBSID mid-tme [JD] A [um] FD[Jy] o[Jy] Tr[AU] A[AU] al[°] TPM[Jdy] FD/TPM Instr/Mode
947 1342234470 2455912.53486 160.00 58.690 2.994 2.9324823@. -19.8 58.496 1.00 PACS-SM
947 1342234471  2455912.53890 160.00 58.550 2.988 2.93248232. -19.8 58.496 1.00 PACS-SM
782 1342223699 2455747.61557 160.00 74.612 3.805 2.98255852. 19.6 71.781 1.04 PACS-SM
782 1342223700 2455747.61961 160.00 74.685 3.812 2.98255852. 19.6 71.816 1.04 PACS-SM
782 1342223704  2455747.65213 160.00 74.645 3.807 2.98245842. 19.6 71.832 1.04 PACS-SM
782 1342223705 2455747.65617 160.00 74.359 3.795 2.98245842. 19.6 71.824 1.04 PACS-SM
782 1342223701 2455747.62365 160.00 73.985 3.775 2.98245852. 19.6 71.792 1.03 PACS-SM
782 1342223702  2455747.63659 160.00 74.931 3.823 2.98245842. 19.6 71.790 1.04 PACS-SM
782 1342223706  2455747.66021 160.00 74.537 3.801 2.9824584@. 19.6 71.827 1.04 PACS-SM
782 1342223707 2455747.67315 160.00 74.503 3.800 2.9824584%. 19.6 71.836 1.04 PACS-SM
769 1342222938 2455735.09039 160.00 66.109 3.372 2.98347522. 20.1 63.215 1.05 PACS-SM
769 1342222939 2455735.09443 160.00 66.156 3.375 2.98347522. 20.1 63.223 1.05 PACS-SM
769 1342222941  2455735.10108 160.00 65.983 3.366 2.9834752@. 20.1 63.224 1.04 PACS-SM
769 1342222942  2455735.10512 160.00 65.667 3.352 2.9834752@. 20.1 63.222 1.04 PACS-SM
759 1342222566  2455724.80409 160.00 59.187 3.020 2.983989042. 20.0 57.321 1.03 PACS-SM
759 1342222567 2455724.80813 160.00 59.078 3.015 2.98398904£. 20.0 57.321 1.03 PACS-SM
759 1342222569 2455724.81477 160.00 59.147 3.018 2.98398902. 20.0 57.319 1.03 PACS-SM
759 1342222570 2455724.81881 160.00 58.846 3.004 2.98398902. 20.0 57.332 1.03 PACS-SM
743 1342221738 2455708.75326 160.00 51.879 2.646 2.9842101®8. 19.3 49.886 1.04 PACS-SM
743 1342221739 2455708.75730 160.00 51.816 2.644 2.984210118. 19.3 49.918 1.04 PACS-SM
743 1342221741  2455708.76395 160.00 51.923 2.649 2.98421018. 19.3 49.912 1.04 PACS-SM
743 1342221742  2455708.76799 160.00 51.824 2.645 2.9842101B. 19.3 49.905 1.04 PACS-SM
734 1342221352 2455699.99941 160.00 47.524 2.425 2.9840212B. 18.5 46.639 1.02 PACS-SM
734 1342221353 2455700.01235 160.00 48.043 2.451 2.98402128. 18.5 46.641 1.03 PACS-SM
726 1342220293 2455691.61455 160.00 45.439 2.318 2.98373148. 17.7 43.941 1.03 PACS-SM
726 1342220294  2455691.61859 160.00 45.325 2.312 2.98373148. 17.7 43.940 1.03 PACS-SM
726 1342220296 2455691.62523 160.00 45.257 2.309 2.98373143. 17.7 43.944 1.03 PACS-SM
726 1342220297 2455691.62927 160.00 45.084 2.302 2.983731438. 17.7 43.947 1.03 PACS-SM
485 1342204324  2455450.42484 160.00 68.744 3.506 2.89926232. -20.4 68.043 1.01 PACS-SM
485 1342204325 2455450.42888 160.00 68.675 3.505 2.89926238. -20.4 68.045 1.01 PACS-SM
485 1342204327  2455450.43552 160.00 68.639 3.501 2.89926232. -20.4 68.045 1.01 PACS-SM
485 1342204328 2455450.43956 160.00 68.535 3.496 2.89926232. -20.4 68.036 1.01 PACS-SM
286 1342191130 2455251.66015 160.00 61.271 3.126 2.7502902&. 20.1 59.641 1.03 PACS-SM
286 1342191131 2455251.66407 160.00 61.397 3.132 2.7502902%2. 20.1 59.659 1.03 PACS-SM
286 1342191133 2455251.67060 160.00 61.323 3.129 2.7502902%2. 20.1 59.644 1.03 PACS-SM
286 1342191134 2455251.67453 160.00 61.338 3.131 2.750290242. 20.1 59.617 1.03 PACS-SM
286 1342191132 2455251.66822 100.00 139.223 7.104 2.7502902%2 20.1 139.530 1.00 PACS-CN
286 1342191132 2455251.66822 160.00 60.209 3.173 2.7502902%2. 20.1 59.612 1.01 PACS-CN
286 1342191129 2455251.65777 70.00 236.587 12.070 2.7502902@ 20.1 242.625 0.98 PACS-CN
286 1342191129 2455251.65777 160.00 59.689 3.182 2.7502902@. 20.1 59.639 1.00 PACS-CN
485 1342204326  2455450.43314 100.00 154.924 7.905 2.89926232 -20.4 158.016 0.98 PACS-CN
485 1342204326  2455450.43314 160.00 67.533 3.518 2.89926238. -20.4 68.043 0.99 PACS-CN
485 1342204323  2455450.42245 70.00 275.817 14.072 2.89926232 -20.4 272.223 1.01 PACS-CN
485 1342204323  2455450.42245 160.00 67.238 3.511 2.89926232. -20.4 68.040 0.99 PACS-CN
743 1342221740 2455708.76156 100.00 116.394 5.940 2.98421018 19.3 116.125 1.00 PACS-CN
743 1342221740 2455708.76156 160.00 50.873 2.667 2.98421018. 19.3 49.888 1.02 PACS-CN
743 1342221737 2455708.75088 70.00 194.240 9.910 2.9842101®8. 19.3 200.491 0.97 PACS-CN
743 1342221737 2455708.75088 160.00 50.245 2.635 2.9842101®8. 19.3 49.894 1.01 PACS-CN
726 1342220295 2455691.62285 100.00 102.948 5.253 2.98373143 17.7 102.341 1.01 PACS-CN
726 1342220295 2455691.62285 160.00 44.657 2.359 2.98373143. 17.7 43.939 1.02 PACS-CN
726 1342220292 2455691.61216 70.00 182.225 9.296 2.98373148. 17.7 176.785 1.03 PACS-CN
726 1342220292 2455691.61216 160.00 44.698 2.353 2.98373143. 17.7 43.938 1.02 PACS-CN
759 1342222565 2455724.80170 70.00 231.074 11.789 2.98398902 20.0 230.127 1.00 PACS-CN
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Table 16:continued
oD OBSID mid-tme [JD] A [um] FD[Jy] o[Jy] Tr[AU] A[AU] al[°] TPM[Jdy] FD/TPM Instr/Mode
759 1342222565 2455724.80170 160.00 58.747 3.083 2.98398902. 20.0 57.306 1.03 PACS-CN
759 1342222568 2455724.81238 100.00 133.036 6.788 2.98398902 20.0 133.395 1.00 PACS-CN
759 1342222568 2455724.81238 160.00 58.804 3.099 2.98398902. 20.0 57.325 1.03 PACS-CN
769 1342222940 2455735.09869 100.00 147.943 7.550 2.98347522 20.1 147.111 1.01 PACS-CN
769 1342222940 2455735.09869 160.00 64.721 3.390 2.9834752@. 20.1 63.221 1.02 PACS-CN
769 1342222937 2455735.08801 70.00 261.354 13.333 2.98347522 20.1 253.868 1.03 PACS-CN
769 1342222937 2455735.08801 160.00 64.849 3.397 2.98347522. 20.1 63.220 1.03 PACS-CN
782 1342223703  2455747.64975 100.00 170.310 8.693 2.98245842 19.6 167.160 1.02 PACS-CN
782 1342223703  2455747.64975 160.00 73.841 3.922 2.98245842. 19.6 71.822 1.03 PACS-CN
782 1342223698 2455747.61318 70.00 293.901 14.993 2.98255852 19.6 288.456 1.02 PACS-CN
782 1342223698 2455747.61318 160.00 73.813 3.894 2.98255852. 19.6 71.799 1.03 PACS-CN
947 1342234469 2455912.53248 100.00 135.807 6.930 2.9324823@ -19.8 135.778 1.00 PACS-CN
947 1342234469  2455912.53248 160.00 58.072 3.062 2.9324823@. -19.8 58.501 0.99 PACS-CN
947 1342234466  2455912.52179 70.00 239.268 12.205 2.9324823% -19.8 233.797 1.02 PACS-CN
947 1342234466  2455912.52179 160.00 58.096 3.061 2.9324823%2. -19.8 58.515 0.99 PACS-CN
1237 1342252060 2456202.73288  100.00 207.612 10.593 @.722.3860 21.5 206.784 1.00 PACS-CN
1237 1342252060 2456202.73288  160.00 90.059 4.694 2.72403862 21.5 88.333 1.02 PACS-CN
1237 1342252057  2456202.72220 70.00 365.887 18.666 2.72403861 21.5 359.522 1.02 PACS-CN
1237 1342252057 2456202.72220  160.00 90.584 4740 2.72403862 21.5 88.331 1.03 PACS-CN
1244 1342252872 2456210.06427 100.00 228.250 11.659 @.712.2837 21.0 226.608 1.01 PACS-CN
1244 1342252872  2456210.06427 160.00 96.103 5.912 2.71802832 21.0 96.763 0.99 PACS-CN
1244 1342252869 2456210.05359 70.00 405.177 20.673 2.718012838 21.0 394.058 1.03 PACS-CN
1244 1342252869 2456210.05359 160.00 95.938 5.415 2.71802832 21.0 96.740 0.99 PACS-CN
1420 1342269277 2456385.50509 100.00 162.244 8.279  2.59366520 -22.2 165.682 0.98 PACS-CN
1420 1342269277  2456385.50509 160.00 70.697 3.755 2.5936652@ -22.2 70.804 1.00 PACS-CN
1420 1342269274  2456385.49441 70.00 288.315 14.708 2.59366519 -22.2 288.185 1.00 PACS-CN
1420 1342269274  2456385.49441 160.00 70.291 3.751 2.59366512 -22.2 70.815 0.99 PACS-CN
1434 1342270325 2456399.97551 250.00 26.650 1.435 2.58608232 -21.0 26.508 1.01 SPIRE-SM
1434 1342270325 2456399.97551  350.00 13.841 0.745 2.58608232 -21.0 13.793 1.00 SPIRE-SM
1434 1342270325 2456399.97551  500.00 6.810 0.367 2.58608232. -21.0 6.940 0.98 SPIRE-SM
1411 1342268344 2456376.61704  250.00 32.830 1.768 25985542 -22.5 32.344 1.02 SPIRE-SM
1411 1342268344 2456376.61704  350.00 17.033 0.917 2.5985542@2 -22.5 16.836 1.01 SPIRE-SM
1411 1342268344 2456376.61704  500.00 8.326 0.448  2.5985542@. -22.5 8.474 0.98 SPIRE-SM
1403 1342267748 2456368.71267 250.00 35.380 1.905 2.6030442 -22.7 34.988 1.01 SPIRE-SM
1403 1342267748 2456368.71267  350.00 18.383 0.990 2.6030442@ -22.7 18.213 1.01 SPIRE-SM
1403 1342267748 2456368.71267  500.00 9.008 0.485 2.6030442@. -22.7 9.167 0.98 SPIRE-SM
1249 1342253388 2456214.44337 250.00 45.300 2440 2.71442232 20.6 43.025 1.05 SPIRE-SM
1249 1342253388 2456214.44337  350.00 23.523 1.267 271442232 20.6 22.383 1.05 SPIRE-SM
1249 1342253388 2456214.44337  500.00 11.662 0.628 2.71442232 20.6 11.261 1.04 SPIRE-SM
1235 1342251687 2456200.44690  250.00 38.035 2.048 2.72584182 21.6 36.162 1.05 SPIRE-SM
1235 1342251687 2456200.44690  350.00 19.920 1.073 2.72584182 21.6 18.816 1.06 SPIRE-SM
1235 1342251687 2456200.44690  500.00 9.884 0.532 2.72584182. 21.6 9.468 1.04 SPIRE-SM
1215 1342250803 2456181.03425  250.00 30.615 1.649 274176948 215 29.033 1.05 SPIRE-SM
1215 1342250803 2456181.03425  350.00 15.947 0.859 2.74176942 21.5 15.109 1.06 SPIRE-SM
1215 1342250803 2456181.03425  500.00 7.905 0.426 2.74176948. 215 7.603 1.04 SPIRE-SM
1201 1342250325 2456166.20801 250.00 26.450 1.424 2.7539902@ 20.5 25.052 1.06 SPIRE-SM
1201 1342250325 2456166.20801  350.00 13.747 0.740  2.7539902@ 20.5 13.037 1.05 SPIRE-SM
1201 1342250325 2456166.20801  500.00 6.816 0.367 2.75399022. 20.5 6.560 1.04 SPIRE-SM
1197 1342250643 2456162.18140  250.00 25.110 1.352 2.7572956&  20.2 24.155 1.04 SPIRE-SM
1197 1342250643 2456162.18140  350.00 13.162 0.709 2.7572956@  20.2 12.570 1.05 SPIRE-SM
1197 1342250643 2456162.18140  500.00 6.616 0.356 2.7572956@. 20.2 6.325 1.05 SPIRE-SM
964 1342236236 2455929.21517  250.00 21.667 1.167 2.92380448. -19.0 21.393 1.01 SPIRE-SM
964 1342236236  2455929.21517  350.00 11.319 0.610 2.92380448. -19.0 11.158 1.01 SPIRE-SM
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oD OBSID mid-tme [JD] A [um] FD[Jy] o[Jy] Tr[AU] A[AU] al[°] TPM[Jdy] FD/TPM Instr/Mode
964 1342236236 2455929.21517  500.00 5.557 0.299 2.9238 448.0 -19.0 5.624 0.99 SPIRE-SM
964 1342236235 2455929.20786  250.00 21.979 1.184 2.9238044B. -19.0 21.406 1.03 SPIRE-SM
964 1342236235 2455929.20786  350.00 11.366 0.612 2.9238044B. -19.0 11.164 1.02 SPIRE-SM
964 1342236235 2455929.20786  500.00 5.559 0.300 2.9238 44B.0 -19.0 5.627 0.99 SPIRE-SM
948 1342234931 2455913.98852  250.00 24.660 1.328 2.93178432. -19.7 24.430 1.01 SPIRE-SM
948 1342234931 2455913.98852  350.00 12.880 0.694 2.93178432. -19.7 12.744 1.01 SPIRE-SM
948 1342234931 2455913.98852  500.00 6.362 0.343  2.9317 432.8 -19.7 6.424 0.99 SPIRE-SM
775 1342223221 2455741.08499  250.00 29.967 1.614 2.98306712. 20.0 28.338 1.06 SPIRE-SM
775 1342223221 2455741.08499  350.00 15.709 0.846  2.98306712. 20.0 14.769 1.06 SPIRE-SM
775 1342223221  2455741.08499  500.00 7.758 0.418 2.9830 712.6 20.0 7.441 1.04 SPIRE-SM
725 1342220642  2455690.46241  250.00 19.396 1.045 2.9836328B. 17.5 18.400 1.05 SPIRE-SM
725 1342220642  2455690.46241  350.00 10.123 0.545 2.9836328@B. 17.5 9.587 1.06 SPIRE-SM
725 1342220642  2455690.46241  500.00 5.004 0.270 2.9836 28@.3 17.5 4.829 1.04 SPIRE-SM
529 1342207050 2455494.45545  250.00 19.442 1.047 2.92452413. -17.8 18.992 1.02 SPIRE-SM
529 1342207050 2455494.45545  350.00 10.142 0.546  2.92452418. -17.8 9.903 1.02 SPIRE-SM
529 1342207050 2455494.45545  500.00 4.954 0.267 2.9245 418.2 -17.8 4,991 0.99 SPIRE-SM
521 1342206682 2455487.09628  250.00 20.576 1.108 2.92051448. -18.6 20.114 1.02 SPIRE-SM
521 1342206682 2455487.09628  350.00 10.706 0.577 2.92051448. -18.6 10.489 1.02 SPIRE-SM
521 1342206682  2455487.09628  500.00 5.255 0.283  2.9205 448.1 -18.6 5.287 0.99 SPIRE-SM
515 1342206204 2455480.89981  250.00 21.708 1.169 2.91710608. -19.2 21.188 1.02 SPIRE-SM
515 1342206204 2455480.89981  350.00 11.356 0.612 2.91710608. -19.2 11.050 1.03 SPIRE-SM
515 1342206204 2455480.89981  500.00 5.520 0.297 2.9171 608.0 -19.2 5.570 0.99 SPIRE-SM
499 1342205096  2455465.15714  250.00 25.268 1.363 2.9081837@. -20.2 24.568 1.03 SPIRE-SM
499 1342205096  2455465.15714  350.00 13.206 0.713  2.9081837€&. -20.2 12.814 1.03 SPIRE-SM
499 1342205096  2455465.15714  500.00 6.519 0.353 2.9081 37@.8 -20.2 6.459 1.01 SPIRE-SM
486 1342204371  2455452.12485  250.00 29.081 1.566 2.90026482. -20.4 28.217 1.03 SPIRE-LM
486 1342204371 2455452.12485  350.00 15.384 0.829 2.90026482. -20.4 14.717 1.05 SPIRE-LM
486 1342204371 2455452.12485  500.00 7.376 0.397 2.9002 482.6 -20.4 7.418 0.99 SPIRE-LM
479 1342204061 2455445.08675  250.00 31.222 1.681 2.89585462. -20.2 30.601 1.02 SPIRE-SM
479 1342204061  2455445.08675  350.00 16.217 0.873  2.89585462. -20.2 15.959 1.02 SPIRE-SM
479 1342204061  2455445.08675  500.00 8.005 0.431 2.8958 462.5 -20.2 8.044 1.00 SPIRE-SM
326 1342193790 2455291.64229  250.00 39.011 2101 2.78293852. 20.7 36.808 1.06 SPIRE-LM
326 1342193790 2455291.64229  350.00 20.240 1.090 2.78293852. 20.7 19.159 1.06 SPIRE-LM
326 1342193790 2455291.64229  500.00 10.115 0.545 2.78293852. 20.7 9.643 1.05 SPIRE-LM
326 1342193788 2455291.61907  250.00 38.602 2.079 2.78293862. 20.7 36.792 1.05 SPIRE-SM
326 1342193788 2455291.61907  350.00 20.372 1.098 2.78293862. 20.7 19.151 1.06 SPIRE-SM
326 1342193788 2455291.61907  500.00 10.064 0.543 2.78293862. 20.7 9.639 1.04 SPIRE-SM
287 1342191193 2455253.20392  250.00 27.183 1.464 2.75158832. 20.2 25.420 1.07 SPIRE-LM
287 1342191193 2455253.20392  350.00 14.243 0.767 2.75158832. 20.2 13.228 1.08 SPIRE-LM
287 1342191193 2455253.20392  500.00 6.936 0.374 2.7515 832.8 20.2 6.656 1.04 SPIRE-LM
275 1342190670 2455240.99403  250.00 24.514 1.320 2.7415031B. 19.0 23.147 1.06 SPIRE-SM
275 1342190670 2455240.99403  350.00 12.756 0.687 2.7415031B. 19.0 12.042 1.06 SPIRE-SM
275 1342190670 2455240.99403  500.00 6.298 0.339 2.7415 31B.0 19.0 6.059 1.04 SPIRE-SM
275 1342190669 2455240.97800  250.00 24.588 1.324 2.74140313. 19.0 23.149 1.06 SPIRE-LM
275 1342190669 2455240.97800  350.00 12.926 0.696 2.74140313. 19.0 12.043 1.07 SPIRE-LM
275 1342190669 2455240.97800  500.00 6.294 0.339 2.7414 313.0 19.0 6.059 1.04 SPIRE-LM
923 1342232694 2455889.00330  530.70 7.240 0.650 2.9436 102.5 -19.1 7.347 0.99 HIFI

1247 1342253122 2456212.37674  530.70 8.710 1.160 2.7161252@. 20.8 9.778 0.89  HIFI

1260 1342254428 2456225.38605  530.70 11.480 0.720 2.70560802  19.1 11.541 0.99 HIFI

1392 1342266018

1392 ..19/20/21  2456357.83605  544.60 8.610 0.620 2.6095303@ -22.4 8.737 0.99 HIFI
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Table 17: Photometric Herschel data of (2) Pallas.

oD OBSID mid-time [JD] A [um] FD[Jy] o[Jy] r[AU] AJAU] «a[°] TPM[Jy] FD/TPM Instr./Mode
1295 1342256236 2456260.76741 70.00 115.167 5.873 2.8097389&@ -20.1 119.153 0.97 PACS-SM
1295 1342256237 2456260.77145 70.00 115.263 5.878 2.80973892 -20.1 118.967 0.97 PACS-SM
1139 1342247436 2456104.37881 70.00 67.342  3.434 3.13450368. 19.1 70.565 0.95 PACS-SM
1139 1342247437  2456104.38285 70.00 67.727  3.454 3.1345036B. 19.1 70.799 0.96 PACS-SM
889 1342231264 2455854.68071 70.00 52.862 2.696 3.4014 15@.2 -17.2 52.456 1.01 PACS-SM
889 1342231265 2455854.68475 70.00 52.788 2.692 3.4014 15B.2 -17.2 52.462 1.01 PACS-SM
720 1342220588 2455685.97934 70.00 47.622 2428 3.3789 213.2 17.6 46.733 1.02 PACS-SM
720 1342220589 2455685.98338 70.00 47.920 2.444 3.3789 213.2 17.6 46.816 1.02 PACS-SM
686 1342217781  2455652.04640 70.00 43.063 2.196 3.3543 02B.6 16.2 43.658 0.99 PACS-SM
686 1342217782  2455652.05044 70.00 43.136 2.200 3.3543 02B.6 16.2 43.643 0.99 PACS-SM
446 1342202076  2455411.26149 70.00 82.093 4.186 2.9997 392.8 -19.9 82.860 0.99 PACS-SM
446 1342202077  2455411.26553 70.00 82.240 4.194 2.9997 392.8 -19.9 82.713 0.99 PACS-SM
245 1342189264 2455210.82409 70.00 109.808 5.599 2.5313653@. 21.9 109.941 1.00 PACS-SM
245 1342189265 2455210.82775 70.00 109.962 5.607 2.53136522. 21.9 109.942 1.00 PACS-SM
1295 1342256233 2456260.75672  100.00 66.457  3.389 2.8097389% -20.1 68.852 0.97 PACS-SM
1295 1342256234 2456260.76076  100.00 65.948 3.363 2.8097389% -20.1 68.654 0.96 PACS-SM
1139 1342247433  2456104.36813  100.00 38.779 1977 3.13450368 19.1 40.661 0.95 PACS-SM
1139 1342247434  2456104.37216  100.00 38.889 1.983 3.13450368 19.1 40.830 0.95 PACS-SM
889 1342231267 2455854.69139  100.00 30.892 1575 3.40142153. -17.2 30.780 1.00 PACS-SM
889 1342231268 2455854.69543  100.00 30.711 1566 3.40142153. -17.2 30.721 1.00 PACS-SM
720 1342220590 2455685.98742  100.00 28.362  1.446 3.378922138. 17.6 27.713 1.02 PACS-SM
720 1342220591 2455685.99146  100.00 28.394  1.448 3.37892213. 17.6 27.853 1.02 PACS-SM
686 1342217784  2455652.05708  100.00 25245  1.287 3.3543602B. 16.2 25.476 0.99 PACS-SM
686 1342217785 2455652.06112  100.00 25.031 1.276 3.35436018. 16.2 25.373 0.99 PACS-SM
446 1342202079 2455411.27218  100.00 47.333  2.414  2.99988402. -19.9 47.788 0.99 PACS-SM
446 1342202080 2455411.27622  100.00 47.081  2.401 2.99988402. -19.9 47.706 0.99 PACS-SM
245 1342189266 2455210.83142  100.00 61.788  3.151 2.53136522. 21.9 62.617 0.99 PACS-SM
245 1342189267 2455210.83509  100.00 61.420 3.132 2.53136522. 21.9 62.613 0.98 PACS-SM
1295 1342256233 2456260.75672  160.00 28.975 1478 2.8097389% -20.1 29.398 0.99 PACS-SM
1295 1342256234 2456260.76076  160.00 28.794 1473 2.8097389% -20.1 29.311 0.98 PACS-SM
1295 1342256236 2456260.76741  160.00 28.786 1469 2.8097389& -20.1 29.177 0.99 PACS-SM
1295 1342256237 2456260.77145  160.00 28.701 1464 2.80973892 -20.1 29.130 0.99 PACS-SM
1139 1342247433 2456104.36813  160.00 16.989 0.869 3.13450368 19.1 17.566 0.97 PACS-SM
1139 1342247434 2456104.37216  160.00 17.029 0.870 3.13450368 19.1 17.636 0.97 PACS-SM
1139 1342247436 2456104.37881  160.00 17.293 0.883 3.13450368 19.1 17.735 0.98 PACS-SM
1139 1342247437 2456104.38285  160.00 17.199 0.880 3.1345036B 19.1 17.789 0.97 PACS-SM
889 1342231264 2455854.68071  160.00 13.649 0.697 3.4014215@. -17.2 13.440 1.02 PACS-SM
889 1342231265 2455854.68475  160.00 13.564 0.693 3.4014215B. -17.2 13.436 1.01 PACS-SM
889 1342231267 2455854.69139  160.00 13.520 0.690 3.40142153. -17.2 13.402 1.01 PACS-SM
889 1342231268 2455854.69543  160.00 13.443 0.687 3.401421538. -17.2 13.377 1.00 PACS-SM
720 1342220588 2455685.97934  160.00 12.312 0.628 3.378922138. 17.6 12.016 1.02 PACS-SM
720 1342220589 2455685.98338  160.00 12.294 0.629 3.378922138. 17.6 12.043 1.02 PACS-SM
720 1342220590 2455685.98742  160.00 12.372  0.632 3.37892213. 17.6 12.085 1.02 PACS-SM
720 1342220591 2455685.99146  160.00 12.402 0.633 3.37892213. 17.6 12.149 1.02 PACS-SM
686 1342217781 2455652.04640  160.00 11.037 0.564 3.3543602B. 16.2 11.094 0.99 PACS-SM
686 1342217782  2455652.05044  160.00 10.975 0.560 3.3543602B. 16.2 11.086 0.99 PACS-SM
686 1342217784  2455652.05708  160.00 10.997 0.562 3.3543602@. 16.2 11.050 1.00 PACS-SM
686 1342217785 2455652.06112  160.00 10.927 0.557 3.35436018. 16.2 11.006 0.99 PACS-SM
446 1342202076  2455411.26149  160.00 20.825 1.064 2.99978392. -19.9 20.632 1.01 PACS-SM
446 1342202077 2455411.26553  160.00 20.792 1.061 2.99978392. -19.9 20.600 1.01 PACS-SM
446 1342202079 2455411.27218  160.00 20.843 1.064 2.99988402. -19.9 20.545 1.01 PACS-SM
446 1342202080 2455411.27622  160.00 20.748  1.058 2.99988402. -19.9 20.510 1.01 PACS-SM
245 1342189264  2455210.82409  160.00 26.771  1.367 2.5313653@. 21.9 26.560 1.01 PACS-SM

continued on next page
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Table 17:continued

oD OBSID mid-tme [JD] A [um] FD[Jy] o[Jyl Tr[AU] A[AU] a[°] TPM[Jy] FD/TPM Instr/Mode

245 1342189265 2455210.82775 160.00 26.774 1.366 2.53136522. 21.9 26.559 1.01 PACS-SM
245 1342189266  2455210.83142 160.00 26.748 1.364 253136522. 21.9 26.557 1.01 PACS-SM
245 1342189267 2455210.83509 160.00 26.755 1.364 2.53136522. 21.9 26.556 1.01 PACS-SM
245 1342189262 2455210.81910 70.00 109.681 5.595 2.5313653@. 21.9 109.936 1.00 PACS-CN
245 1342189262 2455210.81910 160.00 26.141 1.382 2.5313653@. 21.9 26.560 0.98 PACS-CN

245 1342189263 2455210.82170 100.00 61.250 3.126 2.5313653@. 21.9 62.623 0.98 PACS-CN

245 1342189263 2455210.82170 160.00 26.117 1.390 2.5313653@. 21.9 26.560 0.98 PACS-CN

446 1342202078 2455411.26979 100.00 46.463  2.371 2.9998340Q@. -19.9 47.835 0.97 PACS-CN

446 1342202078 2455411.26979 160.00 20.230 1.074 2.9998840@2. -19.9 20.565 0.98 PACS-CN

446 1342202075 2455411.25911 70.00 82.115 4.189 2.9997 392.8 -19.9 82.942 0.99 PACS-CN

446 1342202075 2455411.25911 160.00 20.337 1.075 2.99978392. -19.9 20.649 0.98 PACS-CN
1295 1342256232 2456260.75434 100.00 65.818 3.359 2.8098389% -20.1 69.000 0.95 PACS-CN
1295 1342256232 2456260.75434 160.00 28.695 1519 2.8098389%2 -20.1 29.463 0.97 PACS-CN
1295 1342256235 2456260.76502 70.00 116.244 5.930 2.8097389@ -20.1 119.300 0.97 PACS-CN
1295 1342256235 2456260.76502 160.00 28.554 1504 2.8097389&@ -20.1 29.214 0.98 PACS-CN
686 1342217783 2455652.05470 100.00 25.339 1.293 3.3543602@. 16.2 25.514 0.99 PACS-CN
686 1342217783  2455652.05470 160.00 10.861 0.566 3.3543602@. 16.2 11.067 0.98 PACS-CN
686 1342217780 2455652.04402 70.00 43.842  2.237 3.3543 02B.6 16.2 43.633 1.00 PACS-CN

686 1342217780 2455652.04402 160.00 10.888 0.569 3.3543602B. 16.2 11.089 0.98 PACS-CN
889 1342231266 2455854.68900 100.00 31.301 1.597 3.4014215B. -17.2 30.831 1.02 PACS-CN
889 1342231266 2455854.68900 160.00 13555 0.722 3.4014215B. -17.2 13.423 1.01 PACS-CN
889 1342231263 2455854.67832 70.00 53.636 2.736 3.4014 15@.2 -17.2 52.391 1.02 PACS-CN

889 1342231263 2455854.67832 160.00 13571 0.715 3.4014215@. -17.2 13.428 1.01 PACS-CN
1139 1342247435 2456104.37642 70.00 67.809 3.460 3.13450368. 19.1 70.427 0.96 PACS-CN
1139 1342247435 2456104.37642 160.00 16.941  0.897 3.13450368 19.1 17.703 0.96 PACS-CN
1139 1342247432 2456104.36574 100.00 37.960 1.938 3.1345037@ 19.1 40.548 0.94 PACS-CN
1139 1342247432 2456104.36574 160.00 16.720 0.893 3.1345037@ 19.1 17.519 0.95 PACS-CN
1348 1342261597 2456313.20672 250.00 8.488 0.457 2.68379762. -19.3 8.397 1.01 SPIRE-SM
1348 1342261597 2456313.20672 350.00 4454  0.240 2.68379762. -19.3 4.364 1.02 SPIRE-SM
1348 1342261597 2456313.20672 500.00 2.228 0.120 2.68379762. -19.3 2.193 1.02 SPIRE-SM
1330 1342258378 2456295.65890 250.00 9.481 0.511 2.72647942. -20.7 9.365 1.01 SPIRE-SM
1330 1342258378 2456295.65890 350.00 4965 0.267 2.72647942. -20.7 4.869 1.02 SPIRE-SM
1330 1342258378 2456295.65890 500.00 2.453  0.132 2.72647942. -20.7 2.448 1.00 SPIRE-SM
1314 1342257361 2456279.28441 250.00 10.926  0.588 2.76586072 -21.1 10.758 1.02 SPIRE-SM
1314 1342257361 2456279.28441 350.00 5.715 0.308 2.76586072. -21.1 5.598 1.02 SPIRE-SM
1314 1342257361 2456279.28441 500.00 2.853 0.154 2.76586072. -21.1 2.816 1.01 SPIRE-SM
1156 1342247987 2456121.38941 250.00 9.082 0.489 3.1042759@. 19.0 8.967 1.01 SPIRE-SM
1156 1342247987 2456121.38941 350.00 4.803 0.259 3.1042759@. 19.0 4.678 1.03 SPIRE-SM
1156 1342247987 2456121.38941 500.00 2.405 0.130 3.1042759@. 19.0 2.358 1.02 SPIRE-SM
1116 1342246576  2456081.35549 250.00 5.712 0.308 3.1732399®8. 17.5 5.749 0.99 SPIRE-SM
1116 1342246576  2456081.35549 350.00 3.007 0.162 3.1732399®8. 17.5 3.001 1.00 SPIRE-SM
1116 1342246576  2456081.35549 500.00 1510 0.081 3.17323998. 17.5 1.513 1.00 SPIRE-SM
880 1342230881 2455846.05779 250.00 6.455  0.348 3.4043 02B.1 -17.0 6.200 1.04 SPIRE-SM
880 1342230881 2455846.05779 350.00 3.393 0.183 3.4043 02B.1 -17.0 3.245 1.05 SPIRE-SM
880 1342230881 2455846.05779 500.00 1.673 0.090 3.4043 02B.1 -17.0 1.640 1.02 SPIRE-SM
718 1342219819 2455684.42266 250.00 5.795 0.312 3.3779 398.2 17.5 5.544 1.05 SPIRE-LM
718 1342219819 2455684.42266 350.00 3.106 0.167 3.3779 398.2 17.5 2.901 1.07 SPIRE-LM
718 1342219819 2455684.42266 500.00 1525 0.082 3.3779 39&.2 17.5 1.466 1.04 SPIRE-LM
683 1342216957 2455649.46441 250.00 4.677 0.252 3.3522 288.6 16.0 4.574 1.02 SPIRE-SM
683 1342216957 2455649.46441 350.00 2.463 0.133 3.3522 288.6 16.0 2.390 1.03 SPIRE-SM
683 1342216957 2455649.46441 500.00 1.226 0.066 3.3522 288.6 16.0 1.207 1.02 SPIRE-SM
467 1342203584  2455432.33449 250.00 7.549  0.407 3.0422 158.1 -19.0 7.285 1.04 SPIRE-SM
467 1342203584  2455432.33449 350.00 3.963 0.213 3.0422 15%.1 -19.0 3.798 1.04 SPIRE-SM

continued on next page
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Table 17:continued

oD OBSID mid-tme [JD] A [um] FD[Jy] o[Jyl Tr[AU] A[AU] a[°] TPM[Jy] FD/TPM Instr/Mode

467 1342203584  2455432.33449  500.00 1.989 0.107 3.0422 153.1 -19.0 1.913 1.04 SPIRE-SM
458 1342203076  2455424.05120  250.00 8.030 0.432 3.0258 078.0 -19.5 7.586 1.06 SPIRE-SM
458 1342203076  2455424.05120  350.00 4240 0.228 3.0258 078.0 -19.5 3.956 1.07 SPIRE-SM
458 1342203076  2455424.05120  500.00 2.094 0.113 3.0258 078.0 -19.5 1.994 1.05 SPIRE-SM
447 1342202207 2455412.99738  250.00 9.040 0.487 3.0033 622.8 -19.9 8.490 1.06 SPIRE-LM
447 1342202207 2455412.99738  350.00 4804 0.259 3.0033 622.8 -19.9 4.427 1.09 SPIRE-LM
447 1342202207 2455412.99738  500.00 2.366  0.127 3.0033 622.8 -19.9 2.231 1.06 SPIRE-LM
423 1342200202 2455388.80251  250.00 11.245 0.606 2.95245502. -19.8 10.833 1.04 SPIRE-LM
423 1342200202 2455388.80251  350.00 5.984 0.322 2.9524 502.5 -19.8 5.644 1.06 SPIRE-LM
423 1342200202 2455388.80251  500.00 2955 0.159 2.9524 502.5 -19.8 2.843 1.04 SPIRE-LM
417 1342199784  2455382.98106  250.00 11.891 0.640 2.93984792. -19.6 11.357 1.05 SPIRE-LM
417 1342199784  2455382.98106  350.00 6.343 0.342 2.9398 792.4 -19.6 5.917 1.07 SPIRE-LM
417 1342199784  2455382.98106  500.00 3.089 0.166 2.9398 792.4 -19.6 2.980 1.04 SPIRE-LM
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Table 18: Photometric Herschel data of (4) Vesta.
oD OBSID mid-time [JD] A [um] FD[Jy] o[Jy] r[AU] A[AU] «a[°] TPM[Jy] FD/TPM Instr./Mode
1377 1342263924 2456342.87696 70.00 116.565 5.944 255631792 -22.5 116.717 1.00 PACS-SM
1377 1342263925 2456342.88100 70.00 117.414 5.987 2.5563180@ -22.5 116.794 1.01 PACS-SM
1202 1342250298 2456167.66639 70.00 91.754 4.679 2.55605582. 23.0 91.318 1.00 PACS-SM
1202 1342250299 2456167.67043 70.00 91.668 4.674 2.55605582. 23.0 90.840 1.01 PACS-SM
900 1342231689 2455865.63354 70.00 158.580 8.087 2.3223015&@. -25.5 158.553 1.00 PACS-SM
900 1342231690 2455865.63758 70.00 157.717 8.042 2.32230152. -25.5 158.297 1.00 PACS-SM
743 1342221724  2455708.58932 70.00 276.330 14.091 2.1890646Q  26.5 259.573 1.06 PACS-SM
743 1342221725 2455708.59336 70.00 276.764 14.113 2.1890646Q  26.5 259.100 1.07 PACS-SM
726 1342220287 2455691.58957 70.00 215.624 10.995 2.1794828A 27.8 206.579 1.04 PACS-SM
726 1342220288 2455691.59361 70.00 215.392 10.983 2.1794828Q 27.8 206.104 1.05 PACS-SM
720 1342220583 2455685.95713 70.00 206.611 10.535 2.1765890Q 27.9 197.115 1.05 PACS-SM
720 1342220584 2455685.96117 70.00 207.588 10.585 2.1765890 27.9 197.456 1.05 PACS-SM
703 1342218744  2455669.08336 70.00 168.821 8.608 2.1688077@. 27.5 164.326 1.03 PACS-SM
703 1342218745  2455669.08740 70.00 169.162 8.626 2.16880762. 27.5 163.512 1.03 PACS-SM
686 1342217778  2455652.03242 70.00 143.699 7.327 2.16242632. 26.2 138.529 1.04 PACS-SM
686 1342217779 2455652.03646 70.00 144.625 7.375 2.16242632. 26.2 138.387 1.05 PACS-SM
677 1342216610 2455642.92424 70.00 118.582 6.047 2.1597360@. 25.2 126.596 0.94 PACS-SM
677 1342216611 2455642.93718 70.00 130.812 6.671 2.15973598. 25.2 125.608 1.04 PACS-SM
677 1342216608 2455642.91616 70.00 132.078 6.735 2.1597360@. 25.2 127.223 1.04 PACS-SM
677 1342216609 2455642.92020 70.00 131.624 6.712 2.1597360@. 25.2 126.915 1.04 PACS-SM
348 1342195624  2455313.63307 70.00 193.322 9.858 2.32848374. -24.9 188.418 1.03 PACS-SM
348 1342195625 2455313.63699 70.00 192.251 9.804 2.32848374. -24.9 188.257 1.02 PACS-SM
345 1342195470 2455310.51046 70.00 202.929 10.348 2.331580471 -24.4 195.865 1.04 PACS-SM
345 1342195471  2455310.51933 70.00 200.257 10.212 2.33158048 -24.4 195.622 1.02 PACS-SM
345 1342195472  2455310.52819 70.00 193.816 9.884 2.33158044. -24.4 194.723 1.00 PACS-SM
345 1342195473  2455310.53750 70.00 194.582 9.922 2.3315805Q. -24.4 192.832 1.01 PACS-SM
160 1342186135 2455125.58284 70.00 93.395 4762 2.4984 122.7 21.7 88.365 1.06 PACS-SM
160 1342186136  2455125.59777 70.00 94.994 4.844  2.4984 122.7 21.7 88.724 1.07 PACS-SM
160 1342186137 2455125.60851 70.00 95.968 4.894 2.4984 12%2.7 21.7 89.183 1.08 PACS-SM
1377 1342263921 2456342.86627 100.00 64.052 3.266 2.55631798@ -22.5 67.804 0.94 PACS-SM
1377 1342263922 2456342.87031 100.00 63.734 3.250 2.5563179@ -22.5 67.523 0.94 PACS-SM
900 1342231692 2455865.64422 100.00 85.552 4.362 2.32230158. -25.5 90.141 0.95 PACS-SM
900 1342231693 2455865.64826 100.00 84.922 4.330 2.32230158. -25.5 89.565 0.95 PACS-SM
743 1342221727 2455708.60000 100.00 150.596 7.679 2.18906454  26.5 146.877 1.03 PACS-SM
743 1342221728 2455708.60404 100.00 149.658 7.631 2.18906454 26.4 146.551 1.02 PACS-SM
726 1342220290 2455691.60025 100.00 117.084 5.970 2.17948274 27.8 117.231 1.00 PACS-SM
726 1342220291 2455691.60429 100.00 116.798 5.956 2.179482784 27.8 117.162 1.00 PACS-SM
720 1342220586 2455685.96781 100.00 113.144 5.769 2.17658894  27.9 112.752 1.00 PACS-SM
720 1342220587 2455685.97185 100.00 112.400 5731 2.176588984  27.9 113.067 0.99 PACS-SM
703 1342218747 2455669.09404 100.00 91.262 4653 2.16880762. 27.5 92.294 0.99 PACS-SM
703 1342218748 2455669.09808 100.00 90.485 4.614 2.16880768. 27.5 91.872 0.98 PACS-SM
677 1342216612 2455642.95012 100.00 70.831 3.612 2.15973592. 25.2 71.210 0.99 PACS-SM
677 1342216613 2455642.96306 100.00 70.676 3.604 2.1597359@. 25.2 71.535 0.99 PACS-SM
348 1342195627 2455313.64352 100.00 103.752 5.290 2.32848374 -24.9 107.504 0.97 PACS-SM
348 1342195628 2455313.64744 100.00 102.945 5.249 2.32848374 -24.9 107.136 0.96 PACS-SM
348 1342195622 2455313.58429 100.00 105.135 5.361 2.32858372 -24.8 107.951 0.97 PACS-SM
345 1342195474  2455310.54681 100.00 107.226 5.468 2.331580511 -24.4 109.397 0.98 PACS-SM
345 1342195475  2455310.55567 100.00 107.573 5.485 2.33158052 -24.4 108.931 0.99 PACS-SM
345 1342195476  2455310.56454 100.00 108.382 5.526 2.33158052 -24.4 109.282 0.99 PACS-SM
345 1342195477 2455310.57384 100.00 108.339 5.524 2.33158053 -24.4 110.083 0.98 PACS-SM
160 1342186132 2455125.54682 100.00 51.085 2.605 2.49847132. 21.7 51.635 0.99 PACS-SM
160 1342186133 2455125.56175 100.00 50.999 2.601 2.49847132. 21.7 51.125 1.00 PACS-SM
160 1342186134 2455125.57249 100.00 51.702 2.636 2.4984713@. 21.7 50.708 1.02 PACS-SM
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Table 18:continued
oD OBSID mid-tme [JD] A [um] FD[Jy] o[Jy] Tr[AU] A[AU] al[°] TPM[Jdy] FD/TPM Instr/Mode
1377 1342263921 2456342.86627 160.00 27.116 1.384 2.5563179&@ -22.5 28.625 0.95 PACS-SM
1377 1342263922  2456342.87031 160.00 27.177 1.387 255631798 -22.5 28.518 0.95 PACS-SM
1377 1342263924  2456342.87696  160.00 27.434 1.400 2.55631792 -22.5 28.486 0.96 PACS-SM
1377 1342263925 2456342.88100  160.00 27.578 1.408 2.5563180@2 -22.5 28.527 0.97 PACS-SM
1202 1342250298 2456167.66639 160.00 21.610 1.103 2.55605582  23.0 22.228 0.97 PACS-SM
1202 1342250299 2456167.67043  160.00 21.463 1.095 2.55605582  23.0 22.114 0.97 PACS-SM
900 1342231689 2455865.63354 160.00 36.283 1.851 2.3223015@. -25.5 38.137 0.95 PACS-SM
900 1342231690 2455865.63758 160.00 35.952 1.835 2.32230152. -255 38.063 0.94 PACS-SM
900 1342231692 2455865.64422 160.00 35.656 1.819 2.3223015&. -25.5 37.813 0.94 PACS-SM
900 1342231693 2455865.64826 160.00 35.440 1.810 2.3223015&. -25.5 37.573 0.94 PACS-SM
743 1342221724  2455708.58932 160.00 64.068 3.267 2.18906464. 26.5 61.553 1.04 PACS-SM
743 1342221725 2455708.59336 160.00 63.969 3.264 2.18906464. 26.5 61.461 1.04 PACS-SM
743 1342221727  2455708.60000 160.00 63.779 3.252  2.18906454. 26.5 61.259 1.04 PACS-SM
743 1342221728 2455708.60404 160.00 63.571 3.243 2.18906454. 26.4 61.124 1.04 PACS-SM
726 1342220287  2455691.58957 160.00 49.397 2,519 2.1794828a. 27.8 49.147 1.01 PACS-SM
726 1342220288 2455691.59361 160.00 49.105 2504 2.1794828a. 27.8 49.028 1.00 PACS-SM
726 1342220290 2455691.60025 160.00 49.250 2512 2.17948274. 27.8 48.920 1.01 PACS-SM
726 1342220291 2455691.60429 160.00 49.161 2508 2.17948274. 27.8 48.886 1.01 PACS-SM
720 1342220583  2455685.95713 160.00 47.438 2420 2.1765890a. 27.9 46.799 1.01 PACS-SM
720 1342220584  2455685.96117 160.00 47.412 2419 2.1765890a. 27.9 46.875 1.01 PACS-SM
720 1342220586 2455685.96781 160.00 47.495 2422 2.17658894. 27.9 47.031 1.01 PACS-SM
720 1342220587 2455685.97185 160.00 47.172 2406 2.17658894. 27.9 47.159 1.00 PACS-SM
703 1342218744  2455669.08336 160.00 38.461 1.962 2.1688077@. 27.5 39.037 0.99 PACS-SM
703 1342218745  2455669.08740 160.00 38.190 1.950 2.16880762. 27.5 38.863 0.98 PACS-SM
703 1342218747  2455669.09404 160.00 38.017 1.939 2.16880762. 27.5 38.531 0.99 PACS-SM
703 1342218748  2455669.09808 160.00 37.672 1.922 2.1688076&2. 27.5 38.355 0.98 PACS-SM
686 1342217778 2455652.03242 160.00 32.920 1.680 2.16242632. 26.2 32.819 1.00 PACS-SM
686 1342217779 2455652.03646 160.00 32.807 1.674 2.16242632. 26.2 32.785 1.00 PACS-SM
677 1342216610 2455642.92424 160.00 29.065 1515 2.1597360@. 25.2 29.998 0.97 PACS-SM
677 1342216611 2455642.93718 160.00 30.297 1.548 2.15973598. 25.2 29.773 1.02 PACS-SM
677 1342216612 2455642.95012 160.00 29.973 1.529 2.15973592. 25.2 29.672 1.01 PACS-SM
677 1342216613 2455642.96306 160.00 29.970 1.528 2.1597359@. 25.2 29.806 1.01 PACS-SM
677 1342216608 2455642.91616 160.00 30.328 1547 2.1597360Q@. 25.2 30.126 1.01 PACS-SM
677 1342216609 2455642.92020 160.00 30.138 1.537 2.1597360@. 25.2 30.063 1.00 PACS-SM
348 1342195624  2455313.63307 160.00 44.240 2.257 2.32848374. -24.9 45.365 0.98 PACS-SM
348 1342195625 2455313.63699 160.00 43.826 2,235 2.32848374. -24.9 45.304 0.97 PACS-SM
348 1342195627  2455313.64352 160.00 43.496 2.218 2.32848374. -24.9 45.133 0.96 PACS-SM
348 1342195628 2455313.64744 160.00 43.267 2.207 2.32848374. -24.9 44.975 0.96 PACS-SM
348 1342195622  2455313.58429 160.00 43.976 2.243 2.32858374. -24.8 45.359 0.97 PACS-SM
345 1342195470 2455310.51046 160.00 45.466 2.319 2.331580471. -24.4 47.166 0.96 PACS-SM
345 1342195471  2455310.51933 160.00 45.071 2.298 2.33158044. -24.4 47.063 0.96 PACS-SM
345 1342195474  2455310.54681 160.00 44.840 2.287 2.33158051. -24.4 45.942 0.98 PACS-SM
345 1342195475  2455310.55567 160.00 45.339 2312 2.331580524. -24.4 45.778 0.99 PACS-SM
345 1342195472  2455310.52819 160.00 44.769 2.283 2.33158044. -24.4 46.808 0.96 PACS-SM
345 1342195473  2455310.53750 160.00 44.775 2.283 2.33158050. -24.4 46.354 0.97 PACS-SM
345 1342195476  2455310.56454 160.00 45.839 2.338 2.33158054. -24.4 45.938 1.00 PACS-SM
345 1342195477  2455310.57384 160.00 45.937 2.343  2.33158053. -24.4 46.274 0.99 PACS-SM
160 1342186132 2455125.54682 160.00 21.544 1.099 2.49847132. 21.7 21.682 0.99 PACS-SM
160 1342186135 2455125.58284 160.00 21.997 1.122  2.49847122. 21.7 21.272 1.03 PACS-SM
160 1342186133 2455125.56175 160.00 21.456 1.095 2.4984713R. 21.7 21.472 1.00 PACS-SM
160 1342186136  2455125.59777 160.00 22.211 1.133 2.49847122. 21.7 21.355 1.04 PACS-SM
160 1342186134  2455125.57249 160.00 21.761 1.110 2.4984713@. 21.7 21.297 1.02 PACS-SM
160 1342186137 2455125.60851 160.00 21.943 1.119 2.49847122. 21.7 21.464 1.02 PACS-SM
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Table 18:continued
oD OBSID mid-tme [JD] A [um] FD[Jy] o[Jy] Tr[AU] A[AU] al[°] TPM[Jdy] FD/TPM Instr/Mode
348 1342195623 2455313.63068 70.00 188.286 9.605 2.328483772. -24.9 188.493 1.00 PACS-CN
348 1342195623 2455313.63068 160.00 43.230 2.289 2.32848371. -24.9 45.395 0.95 PACS-CN
348 1342195626  2455313.64113 100.00 102.348 5.224 2.32848374 -24.9 107.666 0.95 PACS-CN
348 1342195626  2455313.64113 160.00 42.787 2.277 2.32848374. -24.9 45.205 0.95 PACS-CN
677 1342216607 2455642.91377 70.00 125.064 6.380 2.1597360R. 25.2 127.336 0.98 PACS-CN
677 1342216607 2455642.91377 160.00 29.649 1567 2.15973602. 25.2 30.147 0.98 PACS-CN
686 1342217777  2455652.03003 70.00 146.266 7.466 2.16242632. 26.2 138.521 1.06 PACS-CN
686 1342217777 2455652.03003 160.00 32.604 1.701 2.16242632. 26.2 32.819 0.99 PACS-CN
703 1342218746  2455669.09166 100.00 91.008 4.644 2.16880762. 27.5 92.577 0.98 PACS-CN
703 1342218746  2455669.09166 160.00 37.926 1.995 2.16880762. 27.5 38.647 0.98 PACS-CN
703 1342218743  2455669.08097 70.00 170.015 8.674 2.1688077@. 27.5 164.767 1.03 PACS-CN
703 1342218743  2455669.08097 160.00 38.333 2.018 2.1688077@. 27.5 39.131 0.98 PACS-CN
743 1342221726  2455708.59762 100.00 148.870 7.596 2.18906454  26.5 147.039 1.01 PACS-CN
743 1342221726  2455708.59762 160.00 63.044 3.294 2.189064594. 26.5 61.325 1.03 PACS-CN
743 1342221723  2455708.58693 70.00 275.629 14.062 2.18906461  26.5 259.825 1.06 PACS-CN
743 1342221723  2455708.58693 160.00 63.173 3.311 2.18906461. 26.5 61.603 1.03 PACS-CN
726 1342220289 2455691.59787 100.00 115.638 5.900 2.17948274 27.8 117.283 0.99 PACS-CN
726 1342220289 2455691.59787 160.00 48.637 2.564 2.17948274. 27.8 48.946 0.99 PACS-CN
726 1342220286 2455691.58719 70.00 214.163 10.926 2.1794828A 27.8 206.952 1.03 PACS-CN
726 1342220286 2455691.58719 160.00 49.079 2.577 2.17948280. 27.8 49.237 1.00 PACS-CN
720 1342220585 2455685.96543 100.00 111.369 5.683 2.17658894  27.9 112.599 0.99 PACS-CN
720 1342220585 2455685.96543 160.00 47.085 2.471 2.17658894. 27.9 46.968 1.00 PACS-CN
720 1342220582  2455685.95475 70.00 204.079 10.410 2.1765890Q 27.9 196.897 1.04 PACS-CN
720 1342220582 2455685.95475 160.00 46.909 2.471 2.1765890a. 27.9 46.751 1.00 PACS-CN
900 1342231688 2455865.63116 70.00 160.240 8.175 2.3223015&@. -25.5 158.575 1.01 PACS-CN
900 1342231688 2455865.63116 160.00 35.876 1.878 2.3223015@. -25.5 38.154 0.94 PACS-CN
900 1342231691 2455865.64184 100.00 85.598 4.367 2.32230152. -25.5 90.392 0.95 PACS-CN
900 1342231691 2455865.64184 160.00 35.410 1.865 2.32230152. -25.5 37.919 0.93 PACS-CN
1181 1342249192 2456146.62035 100.00 42.930 2.191 2.54798132 21.2 43.936 0.98 PACS-CN
1181 1342249192 2456146.62035 160.00 17.909 0.942 254798132 21.2 18.509 0.97 PACS-CN
1181 1342249193 2456146.62295 70.00 78.925 4.026 2.54798132. 21.2 76.103 1.04 PACS-CN
1181 1342249193 2456146.62295 160.00 17.795 0.939 2.54798132 21.2 18.476 0.96 PACS-CN
1202 1342250297 2456167.66400 70.00 90.450 4615 2.5560558#2. 23.0 91.542 0.99 PACS-CN
1202 1342250297 2456167.66400 160.00 21.496 1.137 2.55605582 23.0 22.279 0.96 PACS-CN
1377 1342263920 2456342.86389 100.00 63.413 3.236 2.55631798@ -22.5 67.992 0.93 PACS-CN
1377 1342263920 2456342.86389 160.00 27.137 1.450 2.55631798@ -22.5 28.698 0.95 PACS-CN
1377 1342263923  2456342.87457 70.00 116.738 5.956 2.55631792 -22.5 116.721 1.00 PACS-CN
1377 1342263923  2456342.87457 160.00 27.244 1.467 2.55631792 -22.5 28.474 0.96 PACS-CN
1403 1342267747 2456368.70388 250.00 8.732 0.470 2.54625202. -22.8 8.654 1.01 SPIRE-SM
1403 1342267747 2456368.70388 350.00 4.314 0.232 2.54625202. -22.8 4.279 1.01 SPIRE-SM
1403 1342267747 2456368.70388 500.00 2.061 0.111 2.54625202. -22.8 2.055 1.00 SPIRE-SM
1388 1342265385 2456353.78877 250.00 10.206 0.550 2.55233242 -23.0 10.087 1.01 SPIRE-SM
1388 1342265385 2456353.78877 350.00 5.042 0.272  2.5523324#2. -23.0 4,988 1.01 SPIRE-SM
1388 1342265385 2456353.78877 500.00 2.423 0.131 2.55233244#2. -23.0 2.396 1.01 SPIRE-SM
1375 1342263811 2456340.51600 250.00 11.703 0.630 2.5571149@ -22.3 11.998 0.98 SPIRE-SM
1375 1342263811 2456340.51600 350.00 5.735 0.309 2.5571149@. -22.3 5.930 0.97 SPIRE-SM
1375 1342263811 2456340.51600 500.00 2.722 0.147 2.5571149@. -22.3 2.847 0.96 SPIRE-SM
1201 1342250324 2456166.19958 250.00 9.073 0.489 2.5555576@. 22.9 8.867 1.02 SPIRE-SM
1201 1342250324 2456166.19958 350.00 4.447 0.240 2.5555576@. 22.9 4.381 1.02 SPIRE-SM
1201 1342250324 2456166.19958 500.00 2.147 0.116 2.5555576&. 22.9 2.102 1.02 SPIRE-SM
1179 1342249090 2456145.01874 250.00 7.585 0.408 2.547383142. 211 7.252 1.05 SPIRE-SM
1179 1342249090 2456145.01874 350.00 3.751 0.202 2.547383142. 21.1 3.581 1.05 SPIRE-SM
1179 1342249090 2456145.01874 500.00 1.796 0.097 2.547383142. 211 1.718 1.05 SPIRE-SM
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Table 18:continued

oD OBSID mid-tme [JD] A [um] FD[Jy] o[Jy] Tr[AU] A[AU] al[°] TPM[Jdy] FD/TPM Instr/Mode

916 1342232369 2455882.00303  250.00 12.440 0.670 2.33852342. -25.1 12.203 1.02 SPIRE-SM
916 1342232369 2455882.00303  350.00 6.177 0.333  2.3385 34@.2 -25.1 6.021 1.03 SPIRE-SM
916 1342232369 2455882.00303  500.00 2.972 0.160 2.3385 34@.2 -25.1 2.887 1.03 SPIRE-SM
892 1342231347 2455858.07191  250.00 16.451 0.886  2.31489154. -25.3 16.811 0.98 SPIRE-SM
892 1342231347 2455858.07191  350.00 8.087 0.436 2.3148 1549.9 -25.3 8.290 0.98 SPIRE-SM
892 1342231347 2455858.07191  500.00 3.897 0.210 2.3148 159.9 -25.3 3.974 0.98 SPIRE-SM
702 1342218688 2455667.55980  250.00 15.521 0.836 2.16820932. 27.4 14.873 1.04 SPIRE-SM
702 1342218688 2455667.55980  350.00 7.676 0.413 2.1682 932.0 27.4 7.323 1.05 SPIRE-SM
702 1342218688 2455667.55980  500.00 3.695 0.199 2.1682 932.0 27.4 3.506 1.05 SPIRE-SM
669 1342215994  2455634.38330  250.00 11.246 0.606 2.1575448@. 24.1 10.902 1.03 SPIRE-SM
669 1342215994  2455634.38330  350.00 5.579 0.300 2.1575 48@.4 24.1 5.366 1.04 SPIRE-SM
669 1342215994 2455634.38330  500.00 2.648 0.143 2.1575 48@.4 24.1 2.568 1.03 SPIRE-SM
402 1342198575 2455367.16860  250.00 10.810 0.582 2.27644132. -25.1 10.538 1.03 SPIRE-LM
402 1342198575  2455367.16860  350.00 5.367 0.289 2.2764 132.4 -25.1 5.202 1.03 SPIRE-LM
402 1342198575 2455367.16860  500.00 2.545 0.137 2.2764 132.4 -25.1 2.495 1.02 SPIRE-LM
393 1342198142  2455358.16957  250.00 11.444 0.616  2.2849320%2. -25.7 11.367 1.01 SPIRE-LM
393 1342198142  2455358.16957  350.00 5.680 0.306 2.2849 202.3 -25.7 5.613 1.01 SPIRE-LM
393 1342198142  2455358.16957  500.00 2.681 0.144  2.2849 202.3 -25.7 2.693 1.00 SPIRE-LM
381 1342197317 2455347.15618  250.00 11.610 0.625 2.29552032. -26.2 12.383 0.94 SPIRE-LM
381 1342197317 2455347.15618  350.00 5.996 0.323  2.2955 032.2 -26.2 6.114 0.98 SPIRE-LM
381 1342197317 2455347.15618  500.00 2.884 0.155 2.2955 032.2 -26.2 2.933 0.98 SPIRE-LM
381 1342197316  2455347.14027  250.00 12.285 0.662 2.29552032. -26.2 12.496 0.98 SPIRE-LM
381 1342197316 2455347.14027  350.00 6.265 0.337 2.2955 032.2 -26.2 6.170 1.02 SPIRE-LM
381 1342197316  2455347.14027  500.00 2.996 0.161 2.2955 032.2 -26.2 2.960 1.01 SPIRE-LM
369 1342196667 2455335.10704  250.00 14.413 0.776  2.30720722. -26.3 14.160 1.02 SPIRE-LM
369 1342196667 2455335.10704  350.00 7.121 0.383 2.3072 722.0 -26.3 6.993 1.02 SPIRE-LM
369 1342196667 2455335.10704  500.00 3.402 0.183 2.3072 722.0 -26.3 3.355 1.01 SPIRE-LM
354 1342195750 2455319.94391  250.00 16.889 0.910 2.32229054. -25.5 16.796 1.01 SPIRE-LM
354 1342195750 2455319.94391  350.00 8.487 0.457 2.3222 0549.9 -25.5 8.294 1.02 SPIRE-LM
354 1342195750 2455319.94391  500.00 4.161 0.224  2.3222 054.9 -25.5 3.979 1.05 SPIRE-LM
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Table 19: Photometric Herschel data of (21) Lutetia.
oD OBSID mid-time [JD] A [um] FD[Jy] o[dy] r[AU] AJAU] «a[°] TPM[Jdy] FD/TPM Instr./Mode
1399 1342267264 2456364.59671 70.00 4.399 0.224 2.6964 2942.4 -21.8 4.482 0.98 PACS-SM
1399 1342267265 2456364.60075 70.00 4.382 0.224 2.6964 292.4 -21.8 4.490 0.98 PACS-SM
1198 1342250107 2456163.45010 70.00 4.337 0.221 2.3743 912.5 23.2 4.476 0.97 PACS-SM
1198 1342250108 2456163.45414 70.00 4.352 0.222 2.3743 9125 23.2 4.484 0.97 PACS-SM
859 1342228947  2455824.37826 70.00 11.167 0.569 2.0611 764.5 -28.6 11.065 1.01 PACS-SM
859 1342228948  2455824.38230 70.00 11.279 0.575 2.0611 76%3.5 -28.6 11.109 1.02 PACS-SM
684 1342217411 2455650.36816 70.00 7.082 0.361 2.2998 22.0526.0 7.335 0.97 PACS-SM
684 1342217412 2455650.37220 70.00 7.100 0.363 2.2998 22.0526.0 7.354 0.97 PACS-SM
400 1342198494  2455365.22184 70.00 2.689 0.137 2.7441 42.7821.4 2.678 1.00 PACS-SM
400 1342198495 2455365.22588 70.00 2.676 0.136 2.7441 42.7821.4 2.645 1.01 PACS-SM
1399 1342267261 2456364.58603 100.00 2.506 0.128 2.69634292. -21.8 2.571 0.97 PACS-SM
1399 1342267262 2456364.59007 100.00 2504 0.128 2.69634292. -21.8 2.576 0.97 PACS-SM
1198 1342250104 2456163.43942 100.00 2.453 0.125 2.3743591%2. 23.2 2.523 0.97 PACS-SM
1198 1342250105 2456163.44346 100.00 2.426 0.124 2.3743591%2. 23.2 2.525 0.96 PACS-SM
859 1342228950 2455824.38895 100.00 6.486 0.331 2.0611 76%3.5 -28.6 6.391 1.01 PACS-SM
859 1342228951 2455824.39299 100.00 6.497 0.331 2.0611 764.5 -28.6 6.432 1.01 PACS-SM
684 1342217414  2455650.37884 100.00 4.022 0.205 2.2998 52£2.0 26.0 4.172 0.96 PACS-SM
684 1342217415 2455650.38288 100.00 4.001 0.204 2.2998 522.0 26.0 4.178 0.96 PACS-SM
400 1342198492  2455365.21376 100.00 1.591 0.082 2.7441 84@.7 -21.4 1.592 1.00 PACS-SM
400 1342198493 2455365.21780 100.00 1.554 0.079 2.7441 84@.7 -21.4 1.568 0.99 PACS-SM
221 1342188334 2455186.57887 100.00 1.802 0.093 2.8326 062.5 20.3 1.751 1.03 PACS-SM
221 1342188335 2455186.58253 100.00 1.819 0.093 2.8326 062.5 20.3 1.754 1.04 PACS-SM
221 1342188336 2455186.58620 100.00 1.829 0.094 2.8326 06&2.5 20.3 1.765 1.04 PACS-SM
221 1342188337 2455186.58987 100.00 1.814 0.093 2.8326 062.5 20.3 1.784 1.02 PACS-SM
1399 1342267261 2456364.58603 160.00 1.083 0.096 2.69634292. -21.8 1.101 0.98 PACS-SM
1399 1342267262 2456364.59007 160.00 1.009 0.074 2.69634292. -21.8 1.103 0.91 PACS-SM
1399 1342267264 2456364.59671 160.00 1.058 0.073 2.696442942. -21.8 1.105 0.96 PACS-SM
1399 1342267265 2456364.60075 160.00 1.072 0.078 2.69644292. -21.8 1.107 0.97 PACS-SM
1198 1342250104 2456163.43942 160.00 1.052 0.060 2.3743591%2. 23.2 1.064 0.99 PACS-SM
1198 1342250105 2456163.44346 160.00 1.026 0.056 2.3743591%2. 23.2 1.065 0.96 PACS-SM
1198 1342250107 2456163.45010 160.00 1.032 0.068 2.374359142. 23.2 1.067 0.97 PACS-SM
1198 1342250108 2456163.45414 160.00 1.085 0.057 2.37435912. 23.2 1.069 1.01 PACS-SM
859 1342228947  2455824.37826 160.00 2.707 0.158 2.0611 764.5 -28.6 2.681 1.01 PACS-SM
859 1342228948 2455824.38230 160.00 2.710 0.146 2.0611 76%.5 -28.6 2.691 1.01 PACS-SM
859 1342228950 2455824.38895 160.00 2.802 0.152 2.0611 763.5 -28.6 2.715 1.03 PACS-SM
859 1342228951 2455824.39299 160.00 2.819 0.148 2.0611 764.5 -28.6 2.732 1.03 PACS-SM
684 1342217411 2455650.36816 160.00 1.597 0.092 2.2998 522.0 26.0 1.751 0.91 PACS-SM
684 1342217412 2455650.37220 160.00 1.667 0.096 2.2998 522.0 26.0 1.754 0.95 PACS-SM
684 1342217414  2455650.37884 160.00 1.718 0.097 2.2998 522.0 26.0 1.758 0.98 PACS-SM
684 1342217415 2455650.38288 160.00 1.709 0.097 2.2998 522.0 26.0 1.761 0.97 PACS-SM
400 1342198492  2455365.21376 160.00 0.708 0.041 2.7441 84@.7 -21.4 0.680 1.04 PACS-SM
400 1342198493 2455365.21780 160.00 0.696 0.037 2.7441 84@.7 -21.4 0.670 1.04 PACS-SM
400 1342198494  2455365.22184 160.00 0.688 0.043 2.7441 842.7 -21.4 0.661 1.04 PACS-SM
400 1342198495 2455365.22588 160.00 0.654 0.040 2.7441 842.7 -21.4 0.652 1.00 PACS-SM
221 1342188334 2455186.57887 160.00 0.781 0.048 2.8326 062.5 20.3 0.756 1.03 PACS-SM
221 1342188335 2455186.58253 160.00 0.812 0.048 2.8326 062.5 20.3 0.758 1.07 PACS-SM
221 1342188336 2455186.58620 160.00 0.869 0.048 2.8326 06&2.5 20.3 0.763 1.14 PACS-SM
221 1342188337 2455186.58987 160.00 0.834 0.049 2.8326 062.5 20.3 0.771 1.08 PACS-SM
221 1342188333 2455186.57648 70.00 3.180 0.166 2.8326 7@.5020.3 3.008 1.06 PACS-CN
221 1342188333 2455186.57648 160.00 0.784  0.092 2.8326 07@.5 20.3 0.756 1.04 PACS-CN
221 1342188332 2455186.57388 100.00 1.831 0.098 2.8326 07@.5 20.3 1.754 1.04 PACS-CN
221 1342188332 2455186.57388 160.00 0.766 0.097 2.8326 07@.5 20.3 0.757 1.01 PACS-CN
684 1342217410 2455650.36578 70.00 7.101 0.364 2.2998 22.0526.0 7.321 0.97 PACS-CN

continued on next page



Asteroids as prime flux calibrators for Herschel 49
Table 19:continued
oD OBSID mid-tme [JD] A [um] FD[Jy] o[Jy] Tr[AU] A[AU] al[°] TPM[Jdy] FD/TPM Instr/Mode
684 1342217410 2455650.36578 160.00 1.661 0.120 2.2998 522.0 26.0 1.748 0.95 PACS-CN
684 1342217413  2455650.37646 100.00 3.984 0.205 2.2998 52£2.0 26.0 4.168 0.96 PACS-CN
684 1342217413  2455650.37646 160.00 1.781 0.118 2.2998 522.0 26.0 1.757 1.01 PACS-CN
859 1342228949  2455824.38656 100.00 6.440 0.330 2.0611 768.5 -28.6 6.370 1.01 PACS-CN
859 1342228949  2455824.38656 160.00 2735 0.171 2.0611 768.5 -28.6 2.706 1.01 PACS-CN
859 1342228946  2455824.37588 70.00 11.183 0.572 2.0611 764.5 -28.6 11.034 1.01 PACS-CN
859 1342228946  2455824.37588 160.00 2.695 0.164 2.0611 764.5 -28.6 2.673 1.01 PACS-CN
1198 1342250103 2456163.43704  100.00 2.489 0.129 2.3743591%. 23.2 2.523 0.99 PACS-CN
1198 1342250103 2456163.43704  160.00 1.118 0.092 2.37435912. 23.2 1.064 1.05 PACS-CN
1198 1342250106 2456163.44772 70.00 4345 0.225 2.3743 9125 23.2 4471 0.97 PACS-CN
1198 1342250106 2456163.44772 160.00 1.057 0.091 2.37435912. 23.2 1.067 0.99 PACS-CN
1399 1342267263 2456364.59433 70.00 4.447  0.229 2.6964 2942.4 -21.8 4.479 0.99 PACS-CN
1399 1342267263 2456364.59433  160.00 1.025 0.093 2.69644292. -21.8 1.104 0.93 PACS-CN
1399 1342267260 2456364.58365  100.00 2523 0.131 2.69634292. -21.8 2.568 0.98 PACS-CN
1399 1342267260 2456364.58365  160.00 0.999 0.112 2.69634292. -21.8 1.100 0.91 PACS-CN
1434 1342270326  2456399.98378  250.00 0.305 0.017 2.7365944@. -20.2 0.305 1.00 SPIRE-SM
1434 1342270326  2456399.98378  350.00 0.157 0.009 2.7365944@. -20.2 0.159 0.99 SPIRE-SM
1434 1342270326 2456399.98378  500.00 0.074 0.007 2.7365944@. -20.2 0.080 0.93 SPIRE-SM
1411 1342268345 2456376.62531 250.00 0.424 0.023 2.7107609@. -21.7 0.417 1.02 SPIRE-SM
1411 1342268345 2456376.62531  350.00 0.247 0.014 2.7107609@. -21.7 0.217 1.14 SPIRE-SM
1411 1342268345 2456376.62531  500.00 0.180 0.010 2.7107609@. -21.7 0.109 1.65 SPIRE-SM
1402 1342267716 2456367.67595  250.00 0.442 0.024 2.7001475%. -21.8 0.449 0.99 SPIRE-SM
1402 1342267716 2456367.67595  350.00 0.222 0.013 2.7001475%. -21.8 0.234 0.95 SPIRE-SM
1402 1342267716 2456367.67595  500.00 0.108 0.008 2.7001475%. -21.8 0.118 0.92 SPIRE-SM
1388 1342265386 2456353.79785  250.00 0.520 0.028 2.6829269@. -21.2 0.545 0.95 SPIRE-SM
1388 1342265386 2456353.79785  350.00 0.257 0.015 2.6829269@. -21.2 0.284 0.90 SPIRE-SM
1388 1342265386 2456353.79785  500.00 0.103  0.013 2.6829269@. -21.2 0.143 0.72 SPIRE-SM
1215 1342250802 2456181.02598  250.00 0.520 0.028 2.4062408®. 24.3 0.536 0.97 SPIRE-SM
1215 1342250802 2456181.02598  350.00 0.261 0.015 2.4062408&@. 24.3 0.278 0.94 SPIRE-SM
1215 1342250802 2456181.02598  500.00 0.124 0.010 2.4062408®. 24.3 0.140 0.89 SPIRE-SM
1196 1342250637 2456162.04058  250.00 0.452 0.025 2.37176052. 23.0 0.445 1.02 SPIRE-SM
1196 1342250637 2456162.04058  350.00 0.232 0.013 2.37176052. 23.0 0.231 1.01 SPIRE-SM
1196 1342250637 2456162.04058  500.00 0.110 0.008 2.37176052. 23.0 0.116 0.95 SPIRE-SM
892 1342231344  2455858.04713  250.00 0.669 0.036 2.0438 298.9 -29.1 0.634 1.06 SPIRE-SM
892 1342231344  2455858.04713  350.00 0.342 0.019 2.0438 298.9 -29.1 0.330 1.04 SPIRE-SM
892 1342231344  2455858.04713  500.00 0.156  0.010 2.0438 298.9 -29.1 0.166 0.94 SPIRE-SM
861 1342229193 2455826.85575  250.00 1.168 0.063 2.0594 018.6 -28.8 1.143 1.02 SPIRE-SM
861 1342229193 2455826.85575  350.00 0.595 0.032 2.0594 018.6 -28.8 0.593 1.00 SPIRE-SM
861 1342229193 2455826.85575  500.00 0.289 0.016 2.0594 018.6 -28.8 0.298 0.97 SPIRE-SM
423 1342200204  2455388.83050  250.00 0.272  0.016 2.7189 543.0 -19.4 0.281 0.97 SPIRE-SM
423 1342200204 2455388.83050  350.00 0.144 0.010 2.7189 543.0 -19.4 0.146 0.99 SPIRE-SM
423 1342200204  2455388.83050  500.00 0.065 0.009 2.7189 543.0 -19.4 0.073 0.89 SPIRE-SM




