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1 Introduction

Deliverable D2.6 (this present deliverable) provides a description of the public version of the ’Small
Bodies: Near and Far’ (SBNAF) database of infrared solar system small body observations. The
database is operated in Konkoly Observatory, and it is available at https://ird.konkoly.hu. The
internal version of the database is presented in the SBNAF deliverable D2.5. Photometric data in
these databases are obtained from previously published catalogues and scientific papers, and in the
case of Herschel Space Observatory observations we also used the data and procedures presented in
the SBNAF deliverables D2.1, D2.2, D2.3, and D2.4 to derive new and updated flux densities. The
infrared database is also summarised shortly in Miiller et al. (2018).

2 The public version of the infrared database

The public version presently contains infrared measurements of IRAS, MSX, AKARI,
WISE/NEOWISE and Herschel Space Observatory (HSO). The main documentation of this deliver-
able is the release note of the public database. The original version was published on February 12,
2019, and the current version is as of March 29, 2019, attached to this document as Appendix A. The
database was presented to the scientific community, including a live demonstration, at the Thermops-
IIT workshop, February 20-22, 2019, Budapest (http://thermops2019.hu). The presentation is
attached to this document as Appendix B.

The public version of the database exists in parallel to the internal version. The two databases
are generated using the same procedures, as described in the D2.5 documentation.

The web interface of the database improved with respect to the internal version presented in
Deliverable D2.5. The details are discussed in the release note. One important new feature is that
from March 29 on the current version of the whole database can be downloaded as a single CSV file
(in addition to specific query results showing only small parts of the database).

The infrared database is presently operated in Konkoly Observatory. Future operations of both
the public and internal versions of the infrared database will be provided by Konkoly Observatory
staff. Operations until the end of 2021 will be supported by the Hungarian Academy of Sciences (EU-
HUNKPT grants) and the National Research, Development and Innovation Office, Hungary (NKFTH,
grant nr. K125015). Data from older publications are planned to be included or made public (e.g.
unpublished Herschel Space Observatory measurements) and the database welcomes submission of
own data (e.g. from newly accepted publications) in the future, in a pre-defined format. The SBNAF
Infrared Database has the option to be included in the VESPA interface (Virtual European Solar and
Planetary Access, http://www.europlanet-vespa.eu). A proposal was submitted to the 2017 call to
include the SBNAF infrared database in the VESPA services.

3 Additional Herschel Observations

Additional Herschel Space Observatory measurements for which photometry was also produced in the
course of the preparation of D2.6 and using the procedures and data products obtained in D2.1, D2.2,
D2.3 and D2.4 have been uploaded to the internal database. These are going to be available through
the public database after the publication of the related papers. These data include photometry using
the PACS photometer arrays, at 70, 100 and 160 pm, and covers all Herschel main belt asteroid
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measurements (Miiller et al., 2019b, in prep.) and all Herschel Centaur and transneptunian object

measurements (Miiller et al., 2019c).

Photometry data obtained from previously published scientific papers of Herschel Space Obser-
vatory observations are uploaded to the public version of the database. The name/designation of
the objects and the related publications are summarised in Table 1 below. The public version of
the database contains altogether 1852 Herschel entries: 929 160 ym (red), 466 70 ym (blue) and 457
100 pm (green) measurements, of which 14 are chop-nod and 1838 are scan-maps. The internal ver-
sion of the database contains altogether 3469 entries: 1683 160 ym (red), 955 70 um (blue) and 831

100 pm (green) measurements, of which 366 are chop-nod and 3103 are scan-maps.

reference

targets

Duffard et al., 2014, A&A 564 A92 [D14]

(95626) 2002 GZ32, (250112) 2002 KY14, (120061) 2003 CO1, (136204) 2003 WL7,
(447178) 2005 RO43, (145486) 2005 UJ438, (248835) 2006 SX368, (281371) 2008 FCT76,
(5145) Pholus, (52872) Okyrhoe, (54598) Bienor, (55576) Amycus, (60558) Echeclus,
(8405) Asbolus, (32532) Thereus, (10370) Hylonome

Fornasier et al., 2013, A&A 555 Al5 (2060) Chiron, (10199) Chariklo, (38628) Huya, (50000) Quaoar, (55637) 2002 UX25,
[F13] (84522) 2002 TC302, (90482) Orcus, (120347) Salacia

Farkas-Takacs et al., 2019, in prep. (26181) 1996 GQ21, (523588) 2000 CN105, (82075) 2000 YW134, (139775) 2001 QG298,
[FT19] (50004253) 2001 QX322, (42301) 2001 UR163, (126154) 2001 YH140, (119878) 2002 CY224,

(50006697) 2002 GP32, (133067) 2003 FB128, (469505) 2003 FE128, (143707) 2003 UY117,
(455502) 2003 UZ413, (450265) 2003 WU172, (308379) 2005 RS43, (303775) 2005 QU182,
(40314) 1999 KR16, (82155) 2001 FZ173, (307982) 2004 PG115, (145451) 2005 RM43

Kiss et al., 2013, A&A 555 A3 [K13]

(50110861) 2012 DR30

Lellouch et al., 2013, A&A 557 A60
[L13]

(20000) Varuna, (120348) 2004 TY 364, (15820) 1994 TB, (28978) Ixion, (33340) 1998 VG44,
(26308) 1998 SM165, (26375) 1999 DE9, (119979) 2002 WC19, (44594) 1999 OX3,
(48639) 1995 TL8

Lellouch et al., 2016, A&A 588 A2 [L16

(134340) Pluto

Lim et al., 2010, A&A 518 L148 [LIM10

(136472) Makemake

Mommert et al., 2012, A&A 541 A93
[MM12]

(15875) 1996 TP66, (47171) Lempo, (47932) 2000 GN171, (50003856) 2001 KD77,
(469372) 2001 QF298, (55638) 2002 VE95, (84719) 2002 VRI128, (307463) 2002 VU130,
(50011647) 2002 XV93, (50014631) 2003 UT292, (84922) 2003 VS2, (120216) 2004 EW95,
(175113) 2004 PF115, (144897) 2004 UX10, (469987) 2006 HJ123, (134340) Pluto,
(208996) 2003 AZ84

Miiller et al., 2010, A&A 518 L146 [M10]

(126154) 2001 YH140, (82075) 2000 YW134,
(248835) 2006 SX368, (145480) 2005 TB190

(208996) 2003 AZ84, (42355) Typhon,

Miiller ot al., 2012, A&A 548, A36 [M12

(101955) Bennu

Miiller ot al., 2013, A&A 558, A97 [M13

(308635) 2005 YU55

Miiller et al., 2014, A&A 566, A22 [M14

(99942) Apophis

Miller et al., 2017, A&A 599, A103
[M17]

(162173) Ryugu

Miiller et al.,
[M19A]

2019, Icarus, in press

(136108) Haumea

Miiller et al., 2019b, in prep. [M19B] (in
the internal database)

(18) Melpomene, (8) Flora, (360) Carlova, (19) Fortuna, (4) Vesta, (21) Lutetia, (20) Massalia,
(65) Cybele, (3) Juno, (47) Aglaja, (2) Pallas, (423) Diotima, (52) Europa, (1) Ceres, (10) Hy-
giea, (54) Alexandra, (6) Hebe, (704) Interamnia, (88) Thisbe, (93) Minerva, (253) Mathilde,
(29) Amphitrite, (511) Davida

Miiller et al., 2019c, in prep. [M19C]

(307616) 2003 QW90 (new) + all Herschel Centaur and TNO measurements

Pal et al., 2012, A&A 541 L6 [P12]

(90377) Sedna, (471143) Dziewanna

Pal et al., 2015, A&A 583, A93 [P15]

(50124246) 2013 AZ60

Santos-Sanz et al., 2012, A&A 541 A92
[ss12]

(15874) 1996 TL66, (82158) 2001 FP185, (73480) 2002 PN34, (127546) 2002 XU93,
(309239) 2007 RW10, (65489) Ceto, (42355) Typhon, (120132) 2003 FY128,
(145480) 2005 TB190, (470316) 2007 OC10, (229762) 2007 UKI126, (136199) Eris,
(225088) 2007 OR10

Santos-Sanz et al., 2017, A&A 604, A95
[SS17]

(208996) 2003 AZ84

Vilenius et al.,, 2012, A&A 541 A94
[V12]

(119951) 2002 KX 14, (50005883) 2001 XR254, (50004397) 2001 RZ143, (469438) 2002 GV31,
(88611) Teharonhiawako, (120181) 2003 UR292, (469705) 2005 EF298, (138537) 2000 OK67,
(307251) 2002 KW14, (50003855) 2001 KA77, (19521) Chaos, (78799) 2002 XW93,
(307261) 2002 MS4, (145452) 2005 RN43, (90568) 2004 GV9, (79360) Sila-Nunam

Vilenius et al., 2014, A&A 564 A35
V14]

(50004251) 2001 QS322, (66652) Borasisi, (385437) 2003 GHb55, (275809) 2001 QY297,
(135182) 2001 QT322, (469514) 2003 QA9I1, (50015501) 2003 WU188, (35671) 1998 SN165,
(523591) 2001 QD298, (148780) Altjira, (174567) Varda, (86177) 1999 RY215,
(55565) 2002 AW197, (202421) 2005 UQ513, (469615) 2004 PT107, (50006691) 2002 GH32,
(444030) 2004 NT33, (230965) 2004 XA192

Vilenius et al., 2018, A&A 618 A136
[V18]

(24835) 1995 SM55, (145453) 2005 RR43, (416400) 2003 UZ117, (120178) 2003 OP32,
(55636) 2002 TX300, (19308) 1996 TO66, (469306) 1999 CD158

Table 1: Summary table of the new items placed in the public Infrared Database with the latest
update. All items are Herschel Space Observatory far-infrared photometric observations. Flux densi-
ties of resonant transneptunian objects (Farkas-Takécs et al., 2019, in prep) and main belt asteroids
(Miiller et al., 2019b, in prep.) are placed in the internal database until publication. Updated pho-
tometry of all Centaur and transneptunian object observations listed here are available in the internal

version of the database (to be published in Miiller et al., 2019¢).
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4 Albedos and colour corrections of transneptunian objects

As described in D2.5 and in the public release note of the database, albedo information is taken by
default from the NASA /Horizons service. In case these albedo values are not known, we assumed an
intermediate value of pyy =0.10 to calculate the colour correction, which is a reasonable approximation
for objects with albedos py <0.30. We have investigated how different the colour correction factors
obtained using the Horizons albedo values are from those obtained using albedos calculated for specific
objects based on radiometry in previous studies (e.g. Mommert et al., 2012; Santos-Sanz et al., 2012;
Vilenius et al., 2012, 2014). This comparison was performed for Centaurs and transneptunian objects,
as in these cases significant deviations are expected from the general, low albedo values.
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Figure 1: Comparison of the colour correction factors obtained using the 'default’ albedo data from
NASA /Horizons (upper row), and the albedos obtained from specific publications and/or processing.
B(70), G(100) and R(160) mark the 70, 100 and 160 pum filters of the PACS camera.

Fig. 1 presents the colour correction factors obtained using the albedo values from NASA /Horizons
(top row), as well as those obtained from specific publications (bottom row). In general, the differences
in the colour correction factors obtained in the two ways are negligible (mainly due to the corrections
factors typically close to 1 in the surface temperature range for the Herschel /PACS filters). However,
for some individual targets (e.g those with large heliocentric distance and relatively high albedo)
the colour correction factors may differ by 5-10%. Therefore in the updated version of the infrared
database we used the object-specific values, whenever they are available.
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’Small Bodies: Near and Far’ database of thermal
infrared measurements of small Solar System bodies

Release Note: Public Release 1.2, 2019 March 29
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1Konkoly Observatory, Research Centre for Astronomy and Earth Sciences, Hungarian Academy of Sciences, Budapest, Hungary

2Max-Planck-Institut fiir extraterrestrische Physik, Garching, Germany

1 Introduction

A primary goal of the ’Small Bodies: Near and Far’ infrared database is to help scientists working
in the field of modeling the thermal emission of small bodies, providing them with an easy-to-use
tool. Our database collects available thermal emission measurements for small Solar Systems targets
that are otherwise available in scattered sources and gives a complete description of the data, with
all information necessary to perform direct scientific calculations and without the need to access
additional, external resources. The DB provides disk-integrated, calibrated flux densities based on
careful considerations of instrument-/project-specific calibration and processing steps. These multi-
epoch, multi-wavelength, multi-aspect data allow for a more complex thermophysical analysis for
individual objects (e.g. using more sophisticated spin-shape solutions) or samples of objects. It will
also allow to combine remote with close-proximity data for the same target. In addition to answering
direct scientific questions related e.g. to thermal inertia and other surface properties of the targets
it will also help in establishing celestial calibrators for instruments working in the thermal infrared
regime, from mid-IR to submm wavelengths. At a later stage we aim to include thermal data for all
Solar System small bodies which have been detected at thermal IR wavelengths.

The Infrared Database is part of the Horizon 2020 project 'Small Bodies: Near and Far’
(COMPET-05-2015/687378).

Version history:

Version Date Comment

V1.0 2019 February 12 original release (Thermops III version)

V1.1 2019 March 7 small text corrections

V1.2 2019 March 29 Herschel space observatory measurements added to the pub-
lic database (this release, see the relevant items in the text)

2 Thermal infrared observations of asteroids and transneptunian
objects

The main entries in our database are the (calibrated) infrared flux densities and the corresponding
flux density error (denoted as f4df in the outline figure Fig.1), supplemented with observational
meta data — object identifier, observatory, measurement identifier, instrument /-band /filter /observing
mode, start/end time of the observations, duration, measured in-band flux (calibrated, aperture-
/beam-corrected, non-linearity/saturation-corrected, etc.). 'Raw’ flux densities/errors and observa-
tional meta data are typically available in the catalogues or target-specific papers where we take our
basic data from. These papers/catalogues are listed in Sect. 5. All these flux densities are processed



(e.g. converted to [Jy] from magnitudes), and brought to a common format along with all meta data
in our processing (see also Fig.1).

We aim to include near-Earth, main-belt, and trans-Neptunian objects, all targets with signifi-
cant amounts of thermal measurements from different satellite missions (IRAS, MSX, ISO, AKARI,
Spitzer, Herschel, WISE, NEOWISE), from SOFIA, and from ground. In the current release (Pub-
lic Release 1.0, PR1.0) we include IRAS, MSX, AKARI and WISE/NEOWISE observations. ISO,
Spitzer and Herschel observations will be included in the upcoming releases.

Instrument/target 1 Instrument/target 2 Instrument/target n
fxdf fxdf . fxdf
+ meta data + meta data + meta data
Basic data processing: -_— Auxiliary data
common format/keywords D UREAIcEzc)

population of ‘missing’ fields
calculations based on basic and auxiliary data

v

Infrared Database
core data population

v

PostgresSQL database

v

Web interface

Figure 1: Outline of the processing of data from the basic entries (catalouges and target-specific
papers) to the web-interface of the SBNAF infrared database.

To fully utilize these measurements we collect auxiliary data for the observations from exter-
nal sources. These data are partly stored as additional useful entries (e.g. orbital elements and
coordinates from JPL/Horizons) or used to calculate quantities that are necessary for the correct
interpretation of the measurements (e.g. colour correction). A list of quality comments or other flags
are also included.

The databased is accessible through the webpage: https://ird.konkoly.hu,and the public web-
site of the SBNAF H2020 project is: http://www.mpe.mpg.de/~tmueller/sbnaf/.

In the next sections we describe the additional data that we supplement the basic information
with (Sect. 3), and give a detailed description of the database and its web interface in Sect. 4.

3 Auxiliary data

In addition to the measured flux and error, it is also necessary to calculate the monochromatic
flux density at pre-defined reference wavelengths, to translate calendar dates to Julian date (JD,
with/without correction for light-travel time), to convert wavelengths to frequencies, and to add
absolute flux density errors. Below we summarized the main procedures to obtain these calculated
values.



Obtaining monochromatic flux density (colour correction): For most of the instru-
ments/filters included in the IRDB colour correction is calculated using the relative response profiles
of the specific filters and assuming an estimated effective temperature (Teg) for the target, which is

calculated as (Lang, 1999):

Tt = 3%(@ v ) (1)

, where 1, is the heliocentric distance (AU), py is the V-band geometric albedo and ¢ is the standard
Bowell et al. (1989) phase integral: ¢ =0.290+0.684G, where G is the slope parameter. If py is un-
known /uncertain, we use py =0.10. The colour corrected or monochromatic flux density is obtained
as fy =f;/K()\), where f; is the in-band flux density obtained directly from the measurements and
K(A) is the colour correction factor, which is obtained using the spectral energy distribution of the
source (flux density F,,()\)) and the relative response of the detector /filter system (R, (\)) as:

7oy S Fo ) Ru(Ae)dA

et S B VR ()dA

K(A) = (2)

where A, is the central (reference) wavelength of the filter in the photometric system and el (N) is
the reference spectral energy distribution of the photometric system (typically vF, = const. or Vega)
The monochromatic flux density uncertainties are calculated as:

5fy = \/ K(lw (AF2 1 (raps f)2) + (recfs)? (3)

where A f; is the in-band flux density uncertainty and rq, is the absolute calibration error, usually
expressed as a fraction of the in-band flux (see below). The last term contains the flux density
uncertainty due to the colour correction uncertainty characterised by r.., which is approximately
proportional to the deviation of the actual value of the colour correction from unity. In the present
version it is implemented in the following way:

~if 0.95 < K ()\) < 1.05 then ree =0.01;
- i 0.90 < K () < 0.95 then o = 0.02;
- if K(X\)<0.90 or K(A)>1.05 then r..=0.03;

Procedure for adding absolute calibration error: Absolute calibration error is calculated as
described above in Eq. 3. The rgs factor is instrument/filter dependent and is determined during
the flux calibration of the instrument and is described in instrument specific calibration papers. E.g.
these rqps values are 10%, 10%, 15% and 15% for the 12, 25, 60 and 100 um IRAS bands, respectively
(Tedesco et al., 2002).

JPL Horizons data: Our database uses data obtained from NASA’s JPL-Horizons service. These
information are stored in the database and available directly in the IRDB, and in some cases also
used for further calculations. We query the following parameters from JPL-Horizons:

e Orbital elements: Semi-major axis, a (AU); eccentricity, e; inclination w.r.t XY-plane, i (de-
grees) (XY-plane: plane of the Earth’s orbit at the reference epoch!; longitude of ascending

Lobliquity of 84381.448 arcseconds wrt ICRF equator (IAU76)



node, € (degrees); argument of perifocus, w (degrees); mean anomaly, M (degrees).

e Parameters related to size and albedo: absolute magnitude, H (mag); slope parameter G;
object’s effective radius [km]; object’s V-band geometric albedo.

e Apparent position: Apparent right ascension (R.A.) and declination (DEC) at the time of
the observation, ICRF/J2000 inertial reference frame, compensated for down-leg light-time
[deg/deg]; rate of change of target center apparent R.A. and DEC (airless), note that dRA /dt
is multiplied by the cosine of the declination [both in arcsec hour~!].

e Target brightness: Asteroid’s approximate apparent visual magnitude and surface bright-
ness: APmag = H + 5*loglO(delta) + 5*logl0O(r) - 2.5*logl0((1-G)*phil + G*phi2) [mag,
mag arcsec 2]

e Heliocentric distance: Heliocentric range (”r”, light-time corrected) and range-rate ("rdot”) of
the target center [AU and kms~!]. In addition, the one-way down-leg light-time from target
center to observer is also retrieved [sec].

e Sun-Observer-Target angle: target’s apparent solar elongation seen from the observer location
at print-time [degrees]. ’/r’ flag indicating the target’s apparent position relative to the Sun in
the observer’s sky (’/T’ for trailing, ’/L’ for leading).

e Ecliptic coordinates of the target: Observer-centered Earth ecliptic-of-date longitude and lati-
tude of the target center’s apparent position, adjusted for light-time, the gravitational deflection
of light and stellar aberration [deg/deg].

e X, Y, Z ecliptic J2000 cartesian coordinates (Archinal et al. 2011) of the target as seen from
the sun’s centre/observer’s position in au (see Table 1). These coordinates also allow us to
combine remote with close proximity measurements (e.g. Bennu and Ryugu), provided that the
implementation of the spacecraft trajectories are correctly implemented in JPL/Horizons.

4 Database and access

4.1 Main database file and web interface

From the collected data (flux densities, observational meta data and auxiliary data, see above) a
PostgreSQL table is created that is the essentially the SBNAF Infrared Database. The database
is accessible through a web interface, available at https://ird.konkoly.hu. An example is shown
below, presenting the query screen and the resulting output screen for some selected IRAS and AKARI
observations of 1 Ceres.

The user of the webpage can generate a query following the instructions given here in this doc-
ument or following the examples on the IRDB webpage. The results are generated on the screen as
HTML tables, but the user has the option to download the output page as a .csv file ("Download”
button).

The example above was generated by the follwing query: targetname LIKE '%Ceres%' AND
( observatory _project LIKE 'TRAS' OR observatory project ILIKE 'AKARI' ), requiring
exact, case sensitive matching with 'LIKE’ on ’targetname’ (='Ceres’) and selecting observatories
'TRAS’ (exact name again with 'LIKE’) and ’AKARI’ (selecting with "'ILIKE’, i.e. case-insesitive). In



Download
naifid targetname observatory_project  observation_mid_time  colour_corrected flux density  absolute_flux_error
— Search —
2000001 Ceres AKARI 205432459715 812684 66724
2000001 Ceres AKARI 2453868.71016 640.837 52794
Query contraints are provided using standard PostgreSQL syntax. Some  Search condition: ZOCUOZERICE e VS RE TS AYEFEETIA C32753 B2
examples:
targetname LIKE %Ceres%' AND ( observatory project LIKE ‘%IRAS%" 2000001 1Ceres (1943 XB)  IRAS 24456439884 595.959 88.436
 targetname LIKE ‘%Ceres%' OR ory_project ILIKE ‘Akari') i
« observatory_project ILIKE firas’ 2000001 1 Ceres (1943 XB)  IRAS 2445470.38557 595,64 83.413
« reference_wavelengths_micron BETWEEN 25 AND 60 m
« jpl_obj_radius > 200 2000001 1 Ceres (1943 XB)  IRAS 244547045719 582,695 8639
« heliocentric_distance_r < 2
© observation_end_time - observation start_time > 0.02 AND 2000001 1 Ceres (1943 XB)  IRAS 244547832819 580.759 86,086
colour_corrected_flux density < 20
« targetname LIKE %1943 XB%' AND ( obsmode = 'survey' OR 2000001 1 Ceres (1943 XB)  IRAS 2445643.91686 576593 85.412
obsmode ILIKE 'scan®')
2000001 Ceres AKARI 2454049.3055 524.202 43263
Select columns to show: 2000001 Ceres AKARI 2454049.2366 47153 38916
@ naifid  targetname 1 observatory_project
observatory_code instrument_detector obsmode 2000001 1Ceres (1943X8)  IRAS 2445470.38557 4434 61586
observation_ids. observation_start_time 4 observation_mid_time 2000001 1Ceres (1943X8) IRAS 2445478.39971 eess 58136
observation_end_time datetime band_fiiter
calbrated_inband._flux_jy inband_fiux,_errar._jy quality.flags 2000001 1 Ceres (1943 XB)  IRAS 2445478.32819 38109 52.903
orbital_param.a orbital_param_ec orbital_param jn 2000001 1Ceres (1943 X8)  IRAS 244547045719 370392 51.412
orbital_param_om orbital_param w orbital_param ma
absolute_magnitude_h slope_parameter_g jpl_obi_radius 2000001 1 Ceres (1943X8)  IRAS 2445643.91686 336212 4665
iplLobj_albedo right_ascension_ra declination_dec
2000001 1 Ceres (1943XB)  IRAS 2445470.38557 282714 57602
ra_rate dec_rate apparent_magnitude_v
heliacentric_distance_r obscentric_distancedelta lighttime 2000001 1Ceres (1943 XB)  IRAS 2445478.39971 273414 48277
solar_elongation_elong before_after_opposition phase_angle_alpha
2000001 1Ceres (1943XB)  IRAS 244547045719 252.465 0677
obseclion obseclat target xsun
target ysun target_zsun target_x_observer 2000001 1Ceres (1943XB)  IRAS 2445478.32819 246.403 50193
target y_ observer target_z_observer observer x_sun
2000001 1Ceres (1943X8)  IRAS 244564391686 222152 36695
observer.y_sun observer z_sun reference wavelengths_micron
colour_correction factor £ colour_corrected_flux_density 9 absolute.flux_error 2000001 1Ceres (1943X8) IRAS 2445643.9884 216352 24072
comments_remarks Itcorrected_epoch documents references
. N 2000001 1 Ceres (1943XB)  IRAS 24456439884 173351 25.992
input_table_source data_last_modification alt target_name
Default Selection m 2000001 Ceres AKARI 245432514995 143881 9557

Figure 2: Query and results listing infrared observation of 1 Ceres and displaying the
default output selection: ’naifid’, ’targetname’, ’observatory_project’, ’observation_mid_time’,
"colour_corrected_flux_density’, and ’absolute_flux_error’.

this case the output gives the default selection: ’'naifid’, 'targetname’, ’observatory_project’, 'obser-
vation_mid_time’, ’colour_corrected_flux_density’, and ’absolute_flux_error’. Note the capital letters
(AND, OR, etc.), and the extra single spaces between the brackets and the text in the query specifi-
cation.

Numeric data types (FLOAT, DOUBLE) can be queried as follows: observation start_time
BETWEEN 2453869 AND 2454000: selects the objects where the observation time started
between 2453869 and 2454000 (JD); observation start _time > 2453869 AND observa-
tion_start_time < 2454000: returns the same results as the previous query. naifid = 2000001 :
returns all targets with 'naifid’ exactly equal to 2000001.

For string type data: targetname ILIKE '%ceres%': selects the targets with the substring
"ceres” in it, case insensitive; observatory_project = 'IRAS': returns all observations where the
observatory_project name matches 'TRAS’ exactly.

The query ”comments _remarks ILIKE '%comet%'"” lists measurements of comets (currently
the AKARI observations of the comet P/2006 HR30 (Siding Spring) in the D2.5 version of the
database).

Additional examples are given on the starting page of the web interface.

4.2 Summary of database fields

Below we give a description of the output fields of the Infrared Database. The unit and the data type
of the specific field are given in squared and regular brackets, respectively.



Mission JPL code instrument filters observing mode Nops

AKARI 500@399 IRC-NIR N4 IRCO02 1
IRC-MIR-S S7, S9W, S11 survey, IRC02, IRC11 6955

IRC-MIR-L L15, L18W, L24 survey, IRC02, IRC51 13824

HSO 500@-486 PACS blue,green,red chop-nod, scan map 1852
MSX 500@399 MSX_A ,MSX_C,MSX_D,MSX_E survey 901
IRAS  500@399 TRAS12,IRAS25,IRAS60,JRAS100 survey 25064
WISE  500@-163 W3,W4 survey 121383

Table 1: List of observatories/missions, observatory codes, instruments, filters, possible observing modes,
and the number of measurements with a specific instrument, in the present version of the Infrared Database.
Except for WISE, there are no available positions for the low-Earth orbit missions, so they are referred to as
geocentric (JPL code ‘500@399’)”.

naifid: NASA’s Navigation and Ancillary Information Facility? Solar System object code of the
target (LONG)

targetname: The name of the asteroid, with number and possible alternative designations, if avail-
able (STRING)

alt_target_name: Alternative designation(s) of the asteroid, e.g. provisional designation, separated
by ”#”, if multiple (STRING)

observatory_project: Name of the observatory/ space mission (STRING). The possible values
are for the current release: 'IRAS’: Infrared Astronomy Satellite; "AKARI’: AKARI Space Telescope;
"MSX’: Midcourse Space Experiment’; "WISE’: Wide-field Infrared Survey Explorer; "HSO’: Herschel
Space Observatory.

See Tablel for a list of instruments, filters and observatory codes used in this database. References
for the listed instruments and flux density measurements can be found in Sect. 5.

observatory_code: JPL/Horizons code of the observatory/spacecraft, see Table 1 for a list

(STRING)

instrument_detector: Instrument of the observatory/spacecraft used in that specific measure-
ment, see Table 1 for a list (STRING) (STRING)

obsmode: Observation mode, also listed in Table 1. For a descrition of the observing modes, see
the respective references of the instruments in Sect. 5. For istruments working in survey mode (like
IRAS and MSX) with which no pointed observations were possible and data are taken from the survey
data ’survey’ in the 'obsmode’ column indicates the default observing mode (STRING)

observation IDs: Mission-specific identifier of the observation, e.g. OBSID for Herschel measure-
ments and AORKFEY for Spitzer observations [unitless| (STRING)

observation_start_time Start time of the measurement [Julian date] (DOUBLE)

2https://naif.jpl.nasa.gov/pub/naif /toolkit_docs/FORTRAN /req/naif_ids.html



observation _mid_time Mid-time of the measurement [Julian date] (DOUBLE)
observation_end_time End time of the measurement [Julian date] (DOUBLE)

datetime Observation date in the format 'YYYY:MM:DD hh:mm:ss.sss’, with YYYY: year; MM:
month in string format (Jan, Feb, etc.), DD: day of the month; hh: hour of the day; mm: minutes;
ss.sss: seconds with three-digit accuracy (STRING)

band filter Name of the filter/band used for the specific observation (STRING)

calibrated _inband flux Jy: In-band photometric flux density in [Jansky] units, with all pho-
tometric corrections applied, including aperture/encircled energy fraction corrections, but without
colour correction (DOUBLE). Sources of original data are listed in Sect. 5.

inband flux_error_Jy: Uncertainty of the in-band photometric flux density ’cali-
brated_inband _flux_Jy’, with all direct photometric errors considered, but without errors related to
the spectral energy distribution of the target (colour correction), and also without the consideration
of the absolute photometric error of the instrument (DOUBLE).

quality flags: (STRING)
e WISE?:

— Contamination and confusion flags:
x P - Persistence. Source may be a spurious detection of (P).
% p - Persistence. Contaminated by (p) a short-term latent image left by a bright source.
% 0 (number zero) - Source is unaffected by known artifacts.
— Photometric quality flags:
* A - Source is detected in this band with a flux signal-to-noise ratio w_snr >10.
* B - Source is detected in this band with a flux signal-to-noise ratio 3 < w_snr < 10.

orbital param A: Semi-major axis of the target’s orbit, as obtained from JPL/Horizons

[AU] (DOUBLE)

orbital_param _EC: Eccentricity of the target’s orbit, as obtained from JPL/Horizons [unitless

(DOUBLE)

orbital param IN: Inclination of the target’s orbit, as obtained from JPL/Horizons [deg] (DOU-
BLE)

orbital param_OM: Longitude of the ascending node of the target’s orbit, as obtained from

JPL/Horizons [deg] (DOUBLE)

3http://wise2.ipac.caltech.edu/docs/release/allsky /expsup/index.html



orbital param W: Argument of the periapsis of the target’s orbit, as obtained from JPL/Horizons
[deg] (DOUBLE)

orbital param MA: The mean anomaly of the target’s orbit, as obtained from JPL/Horizons [deg]
(DOUBLE)

absolute_magnitude H The absolute magnitde of the target, i.e. the visual magnitude an observer
would record if the asteroid were placed 1 AU away, and 1 AU from the Sun and at a zero phase angle,
as obtained from JPL/Horizons [mag] (FLOAT)

slope_parameter_G ’'G’ slope parameter of the target, describing the dependence of the apparent
brightness on the phase angle (light scattering on the asteroid’s surface); for more details, see Bowel

(1989) (FLOAT)
jploobj_radius: Estimated radius of the target as obtained from JPL Horizons [km| (FLOAT)

jpl.obj_albedo: Estimated V-band geometric albedo of the target as obtained from JPL Horizons
(FLOAT)

Right_Ascension RA: Right ascension (J2000) of the target at observation mid-time, calculated
from the orbit by JPL/Horizons [deg] (FLOAT)

Declination DEC: Declination (J2000) of the target at observation mid-time, calculated from the
orbit by JPL/Horizons [deg] (FLOAT)

RA rate: The rate of change in right ascension [arcsecs™! =degh™1] (FLOAT)
DEC_rate The rate of change in declination [arcsecs™! =degh™!] (FLOAT)

apparent_magnitude_V Estimated apparent brightness of the target in V-band at observation
mid-time, as obtained by JPL/Horizons [mag] (FLOAT)

heliocentric_distance_r: Heliocentric distance of the target at observation mid-time, as obtained
by JPL/Horizons [AU] (DOUBLE)

obscentric_distance_delta: Observer to target distance at observation mid-time, as obtained by

JPL/Horizons [AU] (DOUBLE)

lighttime: The elapsed time since light (observed at print-time) would have left or reflected off a
point at the center of the target [sec] (FLOAT)

solar_elongation _elong: Target’s apparent solar elongation seen from the observer location at
print-time, in degrees (FLOAT)



before_after_opposition: A flag regarding the target’s apparent position relative to the Sun in
the observer’s sky. ’/T’ indicates trailing, ’/L’ leading position with respect to the Sun (STRING)

phase_angle alpha: The Sun—Target—Observer angle at observation mid-time, as obtained by
JPL/Horizons [deg] (FLOAT)

ObsEclLon/ObsEclLat: Observer-centered Earth ecliptic-of-date longitude and latitude of the
target center’s apparent position, adjusted for light-time, the gravitational deflection of light and
stellar aberration, in degrees, as obtained by JPL/Horizons [deg] (FLOAT)

target [X,Y,Z]@sun Sun-centered X, Y, Z Cartesian coordinates of the target body at observation
mid-time, in the reference frame defined in Archinal et al. (2011) [AU]. (DOUBLE)

target_[X,Y,Z]_@observer: Observer-centered X, Y, Z Cartesian coordinates of the target body
at observation mid-time, in the reference frame defined in Archinal et al. (2011) [AU]. (DOUBLE)

observer_[X,Y,Z] @sun Sun-centered X, Y, Z Cartesian coordinates of the observer at observation
mid-time, in the reference frame defined in Archinal et al. (2011) [AU]. (DOUBLE) (DOUBLE)

reference_wavelengths micron Reference wavelength of the measuring filter in [um] units

(FLOAT)

colour_correction_factor Colour correction factor applied to obtain monochromatic flux density
from in-band flux density [unitless]; see Sect. 3 for details (FLOAT)

colour_corrected _flux _density: Monochromatic flux density (colour corrected in-band flux den-
sity) [Jy]; see Sect. 3 for details (DOUBLE)

absolute_flux_error: Absolute uncertainty of the monochromatic flux density including the uncer-
tainty of the absolute flux calibration [Jy]; see Sect. 3 for details (DOUBLE)

comments remarks: Comments regarding the quality of the measurement / information when an
assumed value was applied in the calculations; indicating whether the target is (also) regarded as a
comet in JPL/Horizons (STRING)

LTcorrected_epoch: The lighttime corrected epoch, calculated as observation_mid_time —
lighttime/3600./24. [day] (DOUBLE)

documents _references: Publications/resources where the photometric data were taken from
(STRING). A list of codes can be found in Sect. 5.

input_table source: Name of the input file which the database was generated from (strictly for
internal usage) (STRING)



data_last_modification: The date when the record was last modified, in ’human readable’ format:
YYYY-MMM-DD hh:mm:ss’ (STRING)

5 Key references and sources of data

Below we give a summary of the references and sources of asteroid flux densities related to each
mission/telescope. A simple reference code is also given for the those papers or catalogues that
presented flux densities used for our database. These codes are listed in the ’documents_references’
field of the database for each measurement.

IRAS: A general description of the Infrared Astronomical Satellite (IRAS) mission can be
found in (Neugebauer et al., 1984). A detailed summary of the TRAS mission is given
in the TRAS Explanatory Supplement, available at the NASA/IPAC Infrared Science Archive
(http://irsa.ipac.caltech.edu/IRASdocs/exp.sup/), that also covers calibration issues (point source
calibration, estimated accuracy, bright source problems, colour correction).

Asteroid fluxes are obtained from 'The Supplemental IRAS Minor Planet Survey’ (Tedesco et al.,
2002) [TO2IRAS].

MSX: Mill (1994) and Mill et al. (1994) provide an overview of the spacecraft, its instruments, and
scientific objectives, and Price & Witteborn (1995) and Price et al. (1998) a general description of the
astronomy experiments. More details on the astronomy experiments and the influence the spacecraft
design has on these experiments may be found in Price et al. (2001).

Asteroid fluxes are obtained from 'The Midcourse Space Experiment Infrared Minor Planet Sur-
vey’ catalogue (Tedesco et al., 2002b) [T02MSX].

AKARI: The AKARI mission is described in (Murakami et al., 2007).

Minor planet flux densities are obtained from the AKARI Asteroid Flux Catalog Ver.1* (Release
October 2016), referred to as [AKARIAFC] in the IRDB. The catalogue contains data from the all-
sky survey (Usui et al., 2011), slow-scan observation (Hasegawa et al., 2013), and pointed observations
of (25143) Ttokawa and (162173) Ryugu (?Miiller et al., 2017). These 'non-survey’ modes have their
special flags in the ’obsmode’ fields (IRC02: pointed observations; IRC11/IRC51: slow scan), as
defined in the AKARI Asteroid Flux Catalogue.

Herschel: The Herschel Space Observatory mission is summarized in (Pilbratt et al., 2010). The
PACS instrument (Photometer Array Camera and Spectrometer) is described in Poglitsch et al.
(2010). The photometric calibration of PACS is discussed in ? (chop-nod photometric observing
mode) and in (7).

Flux densities of Solar System small bodies are obtained from some selected publications for
near-Earth asteroids and Centaurs/transneptunian objects ([D14]).

e Near-Earth asteroids:

— Miiller et al. (2012) [M12]: (101955) Bennu
— Miiller et al. (2017) [M13]: (308625) 2005 YU55

*https://www.ir.isas.jaxa.jp/ AKARI/Archive/Catalogues/Asteroid Flux_V1/
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— Miiller et al. (2017) [M14]: (99942) Apophis
— Miiller et al. (2017) [M17]: (162173) Ryugu

e Centaurs and transneptunian objects:

— Duffard et al. (2014) [D14]: 16 Centaurs

— Fornasier et al. (2013) [F13]: (2060) Chiron, (10199) Chariklo, (38628) Huya, (50000)
Quaoar, (55637) 2002UX25, (84522) 2002TC302, (90482) Orcus, (120347) Salacia,
(136108) Haumea

— Kiss et al. (2013) [K13]: 2012 DR30
— Lellouch et al. (2010) [L10]: (136108) Haumea

— Lellouch et al. (2013) [L13]: (20000) Varuna, (55636)2002 TX300, (120348) 2004 TY 364,
(15820) 1994 TB, (28978) Ixion (33340) 1998 VG44, (26308) 1998 SM165, (26375) 1999
DE9, (119979) 2002 WC19, (44594) 1999 OX3, (48639) 1995 TLS

— Lellouch et al. (2016) [L16]: Pluto and Charon
— Lim et al. (2010) [LIM10]: (136472) Makemake
— Mommert et al. (2012) [MM12]: 18 plutinos

— Miiller et al. (2010) [M10]: (208996) 2003 AZ84, (126154) 2001 YH140, (79360) Sila-
Nunam, (82075) 2000 YW134, (42355) Typhon, 2006 SX368, (145480) 2005 TB190

— Miiller et al. (2019) [M19A]: (136081) Haumea

— Pal et al (2012) [P12]: (90377) Sedna and 2010 EK139

— Pél et al. (2015) [P15]: 2013 AZ60

— Santos-Sanz et al. (2012) [SS12]: 15 scattered disk and detached objects
— Santos-Sanz et al. (2017) [SS17]: (84922) 2003 VS2, (208996) 2003 AZ84
— Vilenius et al. (2012) [V12]: 19 classical transneptunian objects

— Vilenius et al. (2014) [V14]: 18 classical transneptunian objects

— Vilenius et al. (2018) [V18]: 1995 SM55, 2005 RR43, 2003 UZ117, 2003 OP32, 2002
TX300, 1996 TO66, 1999 CD158, 1999 KR16

WISE: The WISE mission is described in (Wright et al., 2010). Data products are summarized in
the "Explanatory Supplement to the AIIWISE Data Release Products’ (Cutri et al., 2013).

The WISE Moving Object Pipeline Subsystem (WMOPS) reported all detections of Solar System
small bodies to the IAU Minor Planet Center (MPC) for confirmation, whereas the computed in-
band magnitudes were collected in the IRSA/IPAC archive, namely in the Level 1b catalogues. To
retrieve these magnitudes, we queried the IPAC archive using a 1 arcsec cone search radius around
the MPC-reported tracklets, which are all labelled ”C51” by the MPC. This way we avoid using false
detections that may have been included in the IPAC archive (Mainzer et al. 2011).

Since we are only interested in flux densities collected during the fully-cryogenic phase of the
mission, we queried the WISE All-Sky Database. The in-band magnitudes (m) were converted to
in-band flux densities ({f)) as:

(f) = (fo)r0=04m (4)

11



where (fp) is the zero-magnitude isophotal flux density of Vega for each band, as reported in Wright
et al. (2010). By definition, (fy) does not require a colour correction. From the tabulated magnitude
error bar Am, the corresponding error bar of the in-bad flux is given by:

Af =0.40log;o(f)Am (5)

To correct for a discrepancy between red and blue calibrators observed after launch, Wright et
al. suggest shifting the W3 and W4 isophotal wavelengths and correcting the isophotal flux densities
accordingly. Thus, we took 11.10 and 22.64um and 31.37 and 7.952 Jy, respectively (more details in
Masiero et al. 2011). Flux densities obtained using this procedure are referred to as [WISEASD)] in
the respective field of our IRDB.
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Appendix

Below we present the specification of the infrared database fields through an example (AKARI
measurement of (25143) Itokawa), as it was at the time of the production of this docu-
ment. Changes may apply and will by reported in the next release note of the database.

Parameter Type Unit ExampleValue Retrieved

from JPL
01 naifid LONG - 2025143 No
02 targetname STRING - 25143 Itokawa (1998 SF36) No
03 observatory_project STRING - AKARI No
04 observatory_code STRING - 5000399 No
05 instrument_detector STRING - IRC-MIR-L No
06 obsmode STRING - IRCO2 No
07 observation_IDs STRING - No
08 observation_start_time DOUBLE days 2454308.04699 No
09 observation_mid_time DOUBLE days 2454308.04699 No
10 observation_end_time DOUBLE days 2454308.04699 No
11 datetime STRING - 2007-Jul-26 13:07:40.000 No
12 band_filter STRING - L15 No
13 calibrated_inband_flux_Jy DOUBLE Jy 0.02 No
14 inband_flux_error_Jy DOUBLE Jy 0.001 No
15 quality_flags STRING -—- No
16 orbital_param_A DOUBLE au 1.32404449 Yes
17 orbital_param_EC DOUBLE - 0.28018482 Yes
18 orbital_param_IN DOUBLE deg 1.62206524 Yes
19 orbital_param_0OM DOUBLE deg 69.09531692 Yes
20 orbital_param_W DOUBLE deg 162.77163687 Yes
21 orbital_param_MA DOUBLE deg 32.28481921 Yes
22 absolute_magnitude_H FLOAT mag 19.2 Yes
23 slope_parameter_G FLOAT - 0.15 Yes
24 jpl_obj_radius FLOAT km 0.165 Yes
25 jpl_obj_albedo FLOAT -—- 0.1 Yes
26 Right_Ascension_RA FLOAT deg 209.5522 Yes
27 Declination_DEC FLOAT deg -16.11449 Yes
28 RA_rate FLOAT "/sec 0.0654038 (JPL/horizons gives "/hour!) Yes
29 DEC_rate FLOAT "/sec -0.028018 (JPL/horizons gives "/hour!) Yes
30 apparent_magnitude_V FLOAT mag 19.16 Yes
31 heliocentric_distance_r DOUBLE au 1.05402381 Yes
32 obscentric_distance_delta DOUBLE au 0.28128128 Yes
33 lighttime FLOAT sec 140.3607 Yes
34 solar_elongation_elong FLOAT deg 90.0359 Yes
35 before_after_opposition STRING - /T Yes
36 phase_angle_alpha FLOAT deg -74.49 Yes
37 ObsEclLon FLOAT deg 213.2239 Yes
38 ObsEclLat FLOAT deg -3.795164 Yes
39 target_X_@sun DOUBLE au 0.319379555249375 Yes
40 target_Y_@sun DOUBLE au -1.00430258867518 Yes
41 target_Z_@sun DOUBLE au -0.0185976638442141 Yes
42 target_X_Qobserver DOUBLE au -0.235047951829334 Yes
43 target_Y_Qobserver DOUBLE au -0.153329693108554 Yes
44 target_Z_Qobserver DOUBLE au -0.0186135080544228 Yes
45 observer_X_Qsun DOUBLE au 0.554427507078709 Yes
46 observer_Y_@sun DOUBLE au -0.850972895566624 Yes
47 observer_Z_@sun DOUBLE au 1.58442102086986E-05 Yes
48 reference_wavelengths_micron FLOAT micron 24.0 No
49 colour_correction_factor FLOAT - 0.984 No
50 colour_corrected_flux_density DOUBLE Jy 0.021 No
51 absolute_flux_error DOUBLE Jy 0.001 No
52 comments_remarks STRING - An assumed geometric albedo of 0.1 was used to No

calculate the colour-correction factor.
53 LTcorrected_epoch DOUBLE days 2454308.045366 / to be calculated from No
(observation_mid_time - lighttime/3600./24.)

54 documents_references STRING - Mueller T. G. et al. 2014;AKARIAFC No
55 input_table_source STRING - AKARI_allsky_wheader.csv No
56 date_last_modification STRING - 2018-08-31 15:13:25 No
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IR database

Thermal infrared observations of small bodies in the solar system, part of
the SBNAF H2020 project

Goal: to help scientists working in the field of modeling the thermal
emission of small bodies

Collecting available thermal emission measurements for solar systems
targets, that are otherwise available in scattered sources

Supply all auxiliary data
Contains data from large missions: IRAS, AKARI, WISE, etc
Publicly available from 2019 February



Data

Mission JPL code  instrument filters observing mode Nobs
AKARI 500@399 IRC-NIR N4 IRCO02 1
IRC-MIR-S S7, S9W, S11 survey, IRC02, IRC11 6955

IRC-MIR-L L15, L18W, L24 survey, IRC02, IRC51 13824

HSO 500@-486 PACS blue,green,red chop-nod, scan map 1120
MSX 500@399 MSX_AMSX_C,MSX_D MSX_E survey 901
IRAS 500@399 IRAS12,JRAS25,IRAS60,IRAS100 survey 25105
WISE  500@-163 W3, W4 survey 121383

Data processing

For each observatory project separate input file

Usually: object name or designation, date of observation,
wavelength, flux, flux error, flags

Getting auxiliary data from JPL/Horizons (r, delta, alpha, H, G,
XYZ vectors, ...)

Filling columns with data from input file and Horizons

Calculating the colour correction factor, the corrected fluxes and
the absolute calibration error

Writing final data to output file



Data processing

* Processing all input files

Instrt get 1
fxdf
+ meta data

tar
fxdf
+ meta data

« Putting all the data to a

rget 2 Instrument/target n
fxdf

+ meta data

R ——

—

PostgresSQL database ! : ! - !
+ After this the data is
accessible via the web '
interface L === |
e
'

‘ Web interface

Data processing

« Scripts mainly in python3

Auxiliary data
(JPL/Horizons)

» Separate script to update values in the final version (python3)

* Webpage running on a linux machine (Konkoly Obs.)

* NGINX webserver, the webpage itself is a Razor Pages web

application in ASP.NET Core 2.1
* The application uses Entity Framework Core
» Accepts sqgl queries




Webpage

https://ird.konkoly.hu/
Currently 169248 records

For available columns check htips://ird.konkoly.hu/Schema

Can accept sql queries, for example:

targetname LIKE '%Ceres%' and (observatory project LIKE

'IRAS' or observatory_project ILIKE 'Akari')
comments_remarks ILIKE '%scomet%’

— Search —

Query contraints are provided using standard PostgreSQL syntax. Some Search condition

name LIKE “%Ceres%'

ras'
ths_micron BETWEEN 25 AND 60

x_densi
« targetname LIKE %1943 XB% AND ( obsmode = survey’ OR obsmode
ILIKE ‘scan’')




Further plans

» Uploading more data

» Adding more features to the webpage, downloading in different
formats, etc.

 Integrating the database to VESPA VO services



