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The MASER (Measuring, Analysing and Simulating Emissions in the Radio range) is an https://maser.lesia.obspm.fr E L
Open Science and Science Ready tool box for low frequency radio astronomy.

It provides access to several data collections recorded with ground and space : T
instrumentation (Nancay, Cassini, Wind, STEREO, Juno...). The tool box includes a data DMP & Persistent |dentifiers

discovery interface (VESPA network), a data streaming interface (das2 servers), a

modelling tool for planetary radio emissions, a dedicated data access python library, as . Why?

well as a new ecosystem developed to store, annotate and share catalogue of events in - define the structure of collections

the temporal-spectral domain (TFCat format and library). We present examples and use - select interoperable interfaces, standard formats (e.g., FITS, CDF...)

cases for various data collections. - empowering teams
- plan storage needs
- required by many funders

MASER . What?
V\/hy and for whom?? - describe collections and interfaces (EPN-TAP, das?)

- responsibilities: scientific content maintenance, storage maintenance, VO interfaces maintenance

e Low frequency radioastronomy:
- large collections (long time scales and/or high resolution...) Data Collection Description

- event/features not always predictibles (sporadic, intermittent...) __Komords_|¥esabalry e
STEREO/Waves L3 DF Data Collegton = — Vocabularies . ’ o ’

Epicepl o b sl o ——— sizes, reponsibilites...

Persons/Entities solar-radio-emissions [ [VOA-UAT L w———

Data collection persons

e Users needs:
- discovery of datasets * i A e g

- online access for visualisation S PO [ R—
- python library for programmatic access T |
- annotation and sharing of event/feature catalogues B S— S —

- hosting datasets Qu i oo |

LESIA, CNRS,
0000-0001-6172-5062 | Observatoire https://ror.org/02eptjh02
de Paris

CTmm——
Collection Details
This section contains the main description of the data collection (see Column A).
Column B contains a description of the additional metadata tables following the IVOA standards.

A. Data Collection B.IVOA metadata /

The STEREO/Waves L3 DF collections contain Direction-

Finding (or goniopolarimetric) derived data from the LFR

(Low Frequency Receiver) and HFR (High Frequency

Description | Receiver) receivers of the Waves experiments embarked

onboard the STEREO-A and STEREO-B spacecraft. A
Jer ax

id

dedicated collection is available for each receiver a
spacecraft pairs.

://ror.org/02eptjh02

de: Derived data files (L3)

rmats | CDF files Responsibilities and rejources

The data files are currently stored on a storage space mapege
by DIO in Meudon (swaves NFS share, on filer-m2 sefVer). A
copy of the files will be made available at SPDF AVASA) and
CDPP (CNES).

This section describes who is respongible for what. The costing aspects are important, since they
are key for the sustainability of the Esource.

NASA
, ) Goddard Space A. Data Collection B. EPNcore Table
k_mpl 0000-0001-6185-3945 | Flight Center, | https:/ror.org/017 lmag52 yes eveloper

ser.obsp# f1

tor:
ackup (but scriptgAor importing metadata are
store
Ty . . 3P b AL - S . e
Yratislav Greenbelt, LER files: 3.4 MB per day. r'd tlc]:nsi! }1‘1:{;1(;11\;(::%1((£dl;1::$°) the
MD. USA . (CDF: 1.8 MB: PNG- 0.3 MB; SAV- 1.3 MB) 16495 row/{at the time of writing) derived data. - P ©

SRR HEFR files: 36 MB per day. . <

LESIA, CNRS, \(('I)I-': 15 MB; PNG I.U:l;fB,‘ SAV: 20 MB)

Florence . X . y . ’ . . SER is in char .

. 0000-0002-4016-8241 | Observatoire https://ror.org/02eptjh02 no Developer - the FADCMASER. Soam 1 i FADCMASER. Is 0 Cargs of
Henry de Paris Product Types !VIL’HIHC spectra #me as data collection charge of maintain the DOI maintaining the VO server.
) - Responsible for landing page.

lﬁ desaribed s managed with data management PADC/MASER is in charge of

Thegdata processing is described in The data Manager is in charge of |maintaining the import scripts and

EPNcore table persons Methodology v by A e The lanager is in charge mainta g port scripts anc
E— https://doi.org/10.1029/2011JA017333 implementing this DMP reloading the table if necessary.

* Mostly spectrograms (aka dynamic-spectra). Measured parameter (flux, polarization...) depending on e
. ame | ORCID.ROR | Affliation | AMaton URIUromROR | ¢.oviinion Type St e T AL eev>>
time and frequency. B By | it

LESIA, CNRS Naming

e O T = - tahle name: ctoren wwrvec onn Fore
" , . st<s P
eccon. 0000-0001-7915-5571 | Observatoire de | https://ror.org/02eptjh02 Data Manager o Data prOd UCtS VO Interface Ressources

e Sometime: “waveform” (direct sampling of electric signal temporal fluctuations). Much higher data rate ||ty esTesonime
needed.

 also, events. timestamp + label + parameters (coverage) + data ? Landing Page
waveform snapshot can be considered as an event.

STEREO/W. /ILFR-HFR L3 DF Data Collection V1.0 @ m
o a n d cata I Og u eS Of eve n tS/fe at u re S Sunday 5 November 2a02v3,ebysBapllste Cecconi, Xavier Bonnin ata Loflection WAVE_COLATITUDE_HEE CDF_FLOAT (N,319) deg i;acvlt)a iijteor colatitude in the Heliocentric Earth

Ecliptic (HEE) system

Cost of storage: 33€ / TB / year TBD

Includes JSON-LD annotations
"schema.DC" href="http://purl.org/DC/elements/1.0/">

<meta ="2022" />
. . . This collection is contains the daily direction finding (aka goniopolarimetric) Level 3 datasets for the Waves/LFR and WAVE_AZIMUTH_HEE CDF_FLOAT (N,319) deg Wave vector azimuth in the Heliocentric Earth ‘ . o ‘
L N B ' /ma ln da ta not ln the SCO e Of MA SER Waves/HFR receivers onboard the STEREO-A and STEREO-B spacecraft. Ecliptic (HEE) system '(“ ript type=‘application/ld+json’>
L] ) ) WAVE_COLATITUDE_HEEQ CDF_FLOAT (N,319) deg Wave vector colatitude in the Heliocentric Earth "@context": "http://schema.org",
» DOI: https://doi.org/10.25935/4tak-5225 Equatorial (HEEQ t "@type": "Collection",
> Publieher: PADC/MASER e ( ) system "@id": "https://doi.org/10.25935/4tak-5225",
_u sher. ) WAVE_AZIMUTH_HEEQ CDF_FLOAT (N,319) deg Wave vector azimuth in the Heliocentric Earth furl": "t //maser. lesia.obspm.fr/publications/doi/stereo-waves-1fr-hfr-13-df-data.html",
» License: CC-BY 4.0 # Equatorial (HEEQ) system
» Citation: Krupar, V., Q.N. Nguyen, X. Bonnin, B. Cecconi & M. Maksimovic (2022). STEREO/Waves/LFR-HFR L3 DF Data SC POS HCI CDF_FLOAT (N.3) i STEREO spacecraft position in the Heliocentric
Collection (Version 1.0) [Data set]. PADC. https://doi.org/10.25935/4TAK-5225 & i o = ' Inertial (HCI tem in k
Spectral Flux Density [S] (W/m2/Hz) @ 1 AU (from 2-antenna data) st lns) b bl
Year 2008 2008 Year SC_POS_HEE CDF_FLOAT (N,3) km STEREO spacecraft position in the Heliocentric
Day 268 269 Da | . . Earth Ecliptic (HEE) system in km
Y y Link to data repository = ‘ .
SC_POS_HEEQ CDF_FLOAT (N,3) km STEREO spacecraft position in the Heliocentric Bl A lioht Foat
1000 - 19 Earth Equatonal (HEEQ) system in km } name": oddard Space ight Center
» Direct access to data: "
o STEREO-A/Waves HFR: sta wav hfr 13 df v01 @ The file naming convention is: stX_13_wav_RRR_yyyymmdd vVV.cdf } "
-20 STEREO-A/Waves LFR: sta_wav_lir_13_df v01 2 {
- " : STEREO BNVa:es HFR’" s‘tb \: a\i hf 73 f“\\O‘ e » X: a 1-letter code for the spacecraft in use (a=STEREO-A; b=STEREO-B); »
' - . vyav_nir ar vt & . "
- BT — - 1f hf
’ _ o STEREO-B/Waves LFR: stb_ wav Ifr I3 df v01 & TOE NS (LEx Or hix) '
-21 . , . » yyyy: Year in 4 digits
100 " \ | . E » The Data is also accessible (mirror) from NASA/CDAWeb (not controlled by the MAS » mm: Month in 2 digits (0-padded)
Frequency - ; o https://cdaweb.gsfc.nasa.gov/pub/data/ster head/I3/waves/ @ > dd: Day in 2 dngng © paZded)
Jlcdaw f ib tereolt 3/wav 2 ' ) '
(kH2) 22 E o https://cdaweb.gsfc.nasa.gov/publ/data/stereo/behind/I3/waves > VV: version number (2 digits) oo
RC) @type": "Person
}
- Each dataset also contains quicklooks, in the png/ directo: ry, with the same directol ry structure Raw IDL Saveset fil {
= N
Description tor “name": “Xavier Bonnin",
23 Y. "givenName": "Xavier",
10 "familyName": "Bonnin",
The data collection contains daily Level 3 direction finding (aka goniopolarimetric) CDF files, derived from the Low Frequency e "atype": ..o:rgfm“dl ......
eceiver and High Frequency Receiver 0 - aves an -B/Waves spacecraft. This data " : s://ror. 2 ,
24 Receiver (LFR) and High Fi Recei (HFR) of STEREO-A/W. d STEREO-B/W: ft. This dat: P Timerange: SN e e
. . . . . . “name": "Laboratory of Space Studies and Instrumentation in Astrophysics"
> " collection has been produced following the goniopolarimetric inversion described in Krupar et al (2012). o 2006 to now for STEREO- }.
Hours of day 04 06 08 10 12 14 16 18 20 22 00 04 LogW/m®/Hz) 6 Content o M 2014 e STEREO S
Distance (Rs) 11.3 10.7 10.0 9.4 8.6 7.9 7.1 6.3 5.5 48 43 4.0 I . - . Ll ] N The coll 5 of dailv COF fi . N ) e table below. Th b \ , S’"‘e‘eIOU“O"'ZSizcot"dfstoMH’“
i 3 e collection is composed of dai iles, which variables are described in the table below. They are available in the pectral range: <. Z 10 z
Latitude (deg) 570 60.1 635 67.1 708 73.7 743 702 60.7 46.0 25.7 3 -26.6 0 10 20 30 40 50 60 , e ! . /
i cd£/ directory, with a directory structure based in the year and month of observation.
Local Time (hr) 12.3 12.5 12.8 13.3 14.1 15.3 17.3 19.2 20.6 21.5 22.1 6 23.1 Time (msec) Acknowledgements
CDF Variables descriptions
Name s Type 4 Length ¢ Unit ¢ Description s The STEREO/Waves L3 DF data collection has been produced by V Krupar (NASA/G QN Nugyen X Bonnin, B
Ecoch CDF_TT2000 (N) Evoch encoded = T e e Eath cooid Cecconi an d M Maksimovic (LESIA/Observatoire de Paris-PSL), with the support of CNRS and CNES®
pocl i ns poch encoded as Terrestrial Time on rotating Earth geoid,
ce J2000 BC was also supported by PADC and EPN2024-RI. The Europlanet 2024 Research Infrastructure (EPN2024-Rl) p has
SENSOR_CONFIG CDF_BYTE  (N.319.3) Dual channel receiver antenna configuration received funding from the European Union’s Horizon 2020 research and innovation programme un der grant a greemen t NO
IIIII G CDF_FLOAT (N,3193) s Temporal offset of each antenna channel configuration 871149. .
QUALITY_FLAG CDF_INT (N) High level information about the quali ty of the electric field Index Of / reposntory / StCl‘CO/ SanCS/ sta_wav_hfr_lS_df_vOl
me: nts Contact
INTERPOL_FLAG CDF_INT (N,319) Flag that indicates if the current record is real or . Name Last modified Size Description
,,,,, lated Any question or request should be addressed to =contact.maser@obspm.fr
PSD_V2 CDF_FLOAT (N,319,32) V*2/Hz Power spectral density before 1% background subtraction & Parent Directory
nnnnnnnnnnnnnnnnnnnn - 20030151 12:54
df/
PSD_FLUX CDF_FLOAT (N,319) W/m*2/Hz Power spectral density after 1% background subtraction References D s
and antenna calibration Cpne 1
PSD_SFU CDF_FLOAT (N,319) sfu Power spectral density after 1% background subtraction » Krupar, V. et al. 2012 Goniopolarimetric inversion using SVD: An application to type Il radio bursts observed by STEREO. (D sav/ 2023-01-3112:54 -
and antenna calibration in solar radio flux unit normalized J. Geophys. Res. 117. doi:10.1029/2011ja017333 &
Apache/2 4.10 (Debian) Ser /! b S 0

« IVOA: |
- EPN-TAP (solar system data discovery)
- TAP (tabular data access): 2 servers (PADC: http://voparis-tap-maser.obspm.fr, CDN: http://
vogate.obs-nancay.fr)

- Datalink (linking between data, quicklook, access)

- UWS (run on demand): 1 server, https://voparis-uws-maser.obspm.fr/client/

- IVOA registry « Working with NASA/ADS and IVOA to try to find a way to complement the citation knowledge graph,
from the data provider’s side

* Allowing Data Citation of collections, supplementary materials, catalogues...
=> pushing editors to make it right is difficult
=> most editors don’t do the last step (on Crossref API)

 [HDEA:.
- das2: data streaming, 2 servers (PADC: http://voparis-das-maser.obspm.fr/das2/server,
CDN: https://das2server.obs-nancay.fr/das2/server) Sum mary

- CDF-ISTP (format)
- SPASE registry * Currently MASER = solar system radioastronomy (starting of official operation in Jan 2022)

possible extension to transient low frequency radio astronomy

 DOI:
- publishing collections (https://maser.lesia.obspm.fr/publications/doi/) * [VOA integration:
- landing page with schema.org - EPN-TAP + Datalink -
=> search engine for local data management tools

e Other: => data discovery
- TFCat (Time-Frequency Catalogue) https://qgitlab.obspm.fr/maser/catalogues/ticat - UWS works very well for run-on-demand

- WebGeoCalc (local instance of WGC/SPICE server developed by NASA/JPL)

 Community Specific:
, - Das2: data streaming interface for dynamic spectra
Techno\ogles/standards landscape - TFCat for event/feature catalogues

* Implementation of FAIR principles + open policies.
« Several ecosystems (different communities): Pushing for data citation and references, but difficult force editors to do their work...

* IVOA (International Virtual Observatory Alliance) http://ivoa.net
= interoperability driven (schemas, protocols, vocabularies) R ef erences

* IPDA (lr_‘temajfionall Planeta_ry Data Alliance) https://ipda.jpl.nasa.gov  Cecconi, B., Louis, C. K., Bonnin, X., Loh, A., & Taylor, M. B. (2023). Time-frequency catalogue: JSON implementation
= archive driven (information model based on OAIS) and python library. Frontiers in Astronomy and Space Sciences, 9, 1049677. https://doi.org/10.3389/
fspas.2022.1049677

* IHDEA (International Heliophysics Data Environment Alliance) https://ihdea.net
= (re)use driven (data/metadata formats, protocols, tools)

* Cecconi, B., Loh, A., Sidaner, P. L., Savalle, R., Bonnin, X., Nguyen, Q. N., et al. (2020). MASER: A Science Ready
Toolbox for Low Frequency Radio Astronomy. Data Science Journal, 19(18), 1062. https://doi.org/10.5334/dsj-2020-012

« Datacite (DOI) https://datacite.org * Louis, C. K., Hess, S. L. G., Cecconi, B., Zarka, P., Lamy, L., Aicardi, S., & Loh, A. (2019). EXPRES: an Exoplanetary and

= reference driven (reference, citation, related resources) I:(I)a?(e)t;r/yoggjigSIéT/i;Cs)ifg?f;igulator. Astronomy and Astrophysics, 627, A30. https://doi.org/

The Europlanet 2024 Research Infrastructure project has received funding from the European Union’s Horizon 2020 research and innovation programme under grant
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