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VESPA in a nutshell (2026)

e An activity in successive Europlanet programmes, started 2011
* Provides Open access to Solar System data:
* Open Science policy
» Contributive system open to the community
 FAIR principles: Findable / Accessible / Interoperable / Reusable

e Uses the Virtual Observatory framework
=> The core VESPA team is still active beyond Europlanet programmes, in the Europlanet Society

Currently 95 data reviewed EPN-TAP services (cross-searchable from tools and portals)
- 30+ contributing institutes worldwide
- ESA's Planetary Science Archive (PSA, 38 Mfiles), some NASA / PDS assets
- Results from 10+ European programmes
- Derived data from ~ 12 space borne instruments

- Pro-Am network activities — e.g., Europlanet Telescope Network



Footprint-based searches (contours) 2D overlaps based on actual footprints, in TAP
Typical request:

¢ identify overlapping images / spectral cubes from different datasets based on footprints (also works with point features)
(from TAP query using s_region)

Tutorial: https://github.com/epn-vespa/tutorials/blob/master/surfaces/HRSC_vs_OMEGA/HRSC_vs_OMEGA-tutorial.md
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Spectra vs geologic units

1- Set the VESPA geoportal to Mercury (MESSENGER MDIS)

2- Drop a shapefile of a Mercury pyroclastic deposit (Leon-Dasi et al 2023, from
analysis of MESSENGER images) => converts to MOC

Unit and spectra
footprints in Aladin

. ogo . . . . . . (connected to CASSIS)
=> identifies all MESSENGER spectra in this unit, with footprint and conditions

3- Send the unit MOC and spectrum footprints to Aladin

4- Send all spectra to TOPCAT
=> average spectrum and variability, possibly with selection on illumination angles

. VESPA Geoportal "Mercury"
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Other uses of the geoportal

¢ readily identifies overlapping observations AladinLite planets explorer
https://aladin.cds.unistra.fr/AladinLite/planets-explorer

e Multi-resolution maps (HiPS) can be used as data source, e.g. for mineral abundance

Planets surveys: | J2000d v |286.3192183 -3.2474975

e Connection with IAU nomenclature and USGS services from AladinLite

(replace calls to SIMBAD when in planetary mode)

Mars Viking
MDIM21

OMEGA olivine map over CTX/MRO HiPS
in Jezero crater area, in Aladin
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Spectra of TNOs

1- Select TNOs or family of interest from a specialized service:
EPN-TAP (MPCorb, NEOCC, MP3C, DynAstVO...) [external APIs (SSODNet, JPL SBDb, Lowell Astorb...) may be OK for small populations]

=> list of targets with names in TOPCAT

2- Query an asteroid spectra service: EPN-TAP (spectro_asteroids, M4ast...) or TAP (Gaia)

3- Cross match in TOPCAT (or via TAP upload) based on name
=> average spectrum and variability / further classi
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Much easier with EPN-TAP services ;)

Query Gaia in TOPCAT
=> retrieve all spectra

Spectra in TOPCAT or CASSIS
=> spectral arithmetic available
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Images on shape models

1- Load a 3D shape model of the target in TOPCAT (implemented for VESPA)

Direct support of .ver files (ESA, PDS, DAMIT) or conversion from SPICE DSK (command line)

=> Plot as point cloud or plate model

2- Query a image / cube service: EPN-TAP (VIRTIS Rosetta...) or direct upload from Jupyter notebook (PDS4)

3- Overplot on central coordinate (for quicklook) or plates (figures)

Support for space experiment in operation, or thermal simulations

Phobos shape as point cloud in TOPCAT
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Comparing observations and reference lab spectra

1- Locate spectra of (4) Vesta from the VESPA portal => results found in M4ast & spectro_asteroids

Send spectra to CASSIS (or TOPCAT or SPLAT-VO) from service result page

2- Query the VESPA portal for spectra of SNC meteorites => CRISM_speclib and SSHADE

In CRISM_speclib search for sample_classification like "%snc%"

3- Send selected results to CASSIS => analysis, best matches — can support unmixing, classification, etc in Jupyter notebooks
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Other spectral analyses

e Get band lists of solids from SSHADE (minerals & ices)

¢ Use them to model spectra and fit observations in workflows / Jupyter notebooks

Bands from a SSHADE siderite sample in
TOPCAT, in wavenumber and wavelength

[ ] Plane Plot (12) [ ] [} Plane Plot (12)
= : ; N R b 1 i A ; i
B &2 Eeldhld & s @ x = F(e [P A B L
ir L 1| ® 20: A1 ‘ ‘ ' ' ‘ ‘ ' ' ‘ 20: Al
——20: Al 10¢ 3 |—20: A1
0.5F 1
1t [ ] ]
0.2 1
] B 01f E
] |
4 2
0.01¢ q
0.05 1
0.001¢ E
0.02 1
. . . . L L . L L L . le-4 L . n . . . L L .
0 200 400 600 800 1000 1200 1400 1600 1800 2000 2200 0 10 20 30 40 50 60 70 80 90
pos_peak / cm-1 10000./pos_peak
3 H =y [}
k; Dﬁ % Oqe illy P@ w Les 2| il P@ il
..... e
Frame Position  Subsets = Form Frame Position ~ Subsets = Form
o ofa
2| Legend +Eb| Legend
= Table:  20: BANDLIST_RAMAN_Siderite.data.vot Table:  20: BANDLIST_RAMAN_Siderite.data.vot &
) Axes L__.‘ Axes
sies STILTS X Values: add(pos_peak,multiply(width,xgrid)) LN 3 ;stilts STILTS X Values: divide(10000.,add(pos_peak,multiply(width,xgrid))) < <«
Y Values: multiply(peak_rel,arrayFunc("exp(-x*x)",xgrid)) (R Y Values: multiply(peak_rel,arrayFunc("exp(-x*x)",xgrid)) S

Spectral simulation

or

Extraction of bands from observations
& comparison in notebook

for peak in peaks:
temp=data_select. index
wav.append (temp [peak])
print (wav)

[814.0, 901.0, 1050.0, 1300.0, 1710.0]

In [65]: # plot data

with rc_context(fname=rc_fname):

for i in fn:
temp=data_fitted_SG[i]
plt.plot(temp,w=1.5,color=colors[i], label=fn[i])

#plt.bar(wav,0.01,width=20,color="black")

plt.xlim(500,3500)
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plt.legend(fontsize=8, frameon=True)
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PDS4 tables are supported by TOPCAT

Other PDS4 datatypes can be plotted with PDS4_viewer (manual connection for now)

UNLiasd.pus.you.dasi-ii-lype.iurnaser.specud.udianuivspecud_covoeiuna_rics_Lav specuunn
urn:nasa:pds:gbo.ast-m-type.fornasier.spectra:data:indivspectra_250bettina_dolores_mrb_tab  spectrum
urn:nasa:pds:gbo.ast-m-type.fornasier.spectra:data:indivspectra_250bettina_dolores_Irr_tab spectrum
urn:nasa:pds:gbo.ast-m-type.fornasier.spectra:data:indivspectra_22kalliope_emmi_tab spectrum
L] L] PDS4 Viewer - Plot from ‘table*
Prel X v rnasier.spectra:data:indivspectra_224oceana_dolores_mrb_tab  spectrum
Download
C o p Y/ Pa St e U R L rnasier.spectra:data:indivspectra_224oceana_dolores_Irr_tab spectrum
— Send Tables
120 rnasier.spectra:data:indivspectra_216kleopatra_nics_tab spectrum
Send Spectra
115 Send Images rnasier.spectra:data:indivspectra_201penelope_dolores_|rr_tab
g 1o Send CDF rnasier.spectra:data:indivspectra_201penelope_dolores_Irb_tab  spectrum
G
§ Send VIRTIS PDS cubes | o coiooq
105
Send Das2stream
Loo Send PDS4 table

 WaveLeNGTH (ticrom) Data Selection ~ | Metadata Selection ~  AllData ~  All Metadata ~

SELECT * FROM spectro_m_ast.epn_core

PDS4_viewer (NASA) VESPA portal

SAMP

sjeoe Plane Plot (37)

) o @ AL o
a@y BuEe:# Wedo & alaoedirtda® =l @)X
Table | Current Table Prope = |
45: EPN-TAP complaton re Label: table
47: TAP_1_psa.v_rosetia_fac 0
48: TAP 2 psa.v_rosetia_fac e

iame: table
49: TAP_9._psa.product_ui_r e
51: TAP_16_psa.product_u. -
53: TAP_18_mascs vnir.cpn (R
55: TAP_20_psa.v_rosetta_fi Sort Order: 4 [

56: TAP_23_vi_ros.epn_cor
57: fle Jist.csv

58: TAP_24_vir_ros.epn_cor
69: table.

Row Subset:  All
Activation Actions: 0/ 1

\ 4

REFLECTANCE

Messages: O

06 0.7 09

WAVELENGTH / Micron

PHEAEIE YT |

Position  Subsets

g rorme | [CoAes
- J [
| $8 Mk Gopalsyle—————————————
v v Color: @ e
58] |
s oc
Sanl STUTS 19 -
= $0 * Mak oy pocition Count: 1,317/ 1,317
[ 2 s ] 7] @ select
- opa

TOPCAT (Bristol Univ)



Other use cases

Comparison of simultaneous observations of the Sun
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VO connection of Open Source applications

VESPA & IVOA infrastructure
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Summary

e EPN-TAP provides interoperability to data services (scriptable API)
=> allows cross-searches among services (and other services worldwide)
=> improves content of existing databases & services

This was possible thanks to Europlanet programmes

¢ VESPA provides functionalities to display and analyse Solar System data (planetary science / heliophysics / exoplanets)
and a framework for processing pipelines & workflows, including on EOSC
¢ VESPA also provides a simple data sharing procedure to any research team

=> distributed infrastructure open to the community

VESPA is really the extension of the VO to the Solar System

Can be used to manage space instruments or ground / lab experiments
Study for the ground segment of MIRS / MMX at LIRA



Main portal: https://vespa.obspm.fr/
Geoportal: https://padc-findme.obspm.fr
Tutorials: https://github.com/epn-vespa/tutorials

Web site: http://www.europlanet-vespa.eu/
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