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Introduction
Solar Orbiter is an ESA/NASA mission launched
on 10 February 2020 to study the Sun and solar
wind. Its highly elliptical orbit takes it as close as
0.28 AU. After a nearly two-year cruise phase,
the remote sensing part of the science mission
started in earnest with observations during the
first close perihelion pass, running from 2 March
to 5 April 2022. All in situ science data are
available starting from 2020, as well as remote
sensing data from EUI and SPICE, with the other
instruments being added soon.

Solar Orbiter Archive (SOAR)
The primary archive for Solar Orbiter data is
soar.esac.esa.int (SOAR) at the ESA European
Space Astronomy Centre outside of Madrid,
Spain. Below, we show a simple search using the ||
web interface. |
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SAMP Interface

The above web archive supports the Simple
Application Messaging Protocol (SAMP). This
allows the results to be sent to view applications
such as Autoplot and JHelioviewer. Information
on SAMP can be found using the Help option.

HTML Interface

Users can develop their own software by passing
ADQL queries as HTML strings (e.g. with curl).
For example, this URL can be used to find all the
currently available descriptors (i.e. datasets) in
CSV format:

http://soar.esac.esa.int/soar-sl-
tap/tap/sync?REQUEST=doQuery&LANG=ADQL&FORMAT=CSV&Q
UERY=SELECT+DISTINCT+descriptor+FROM+v_sc_data_item+ORDE
R+BY+descriptor

"| Data from the SOAR archive is mirrored daily into

= such as the Virtual Solar Observatory (VSO), and
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TAP interface

The SOAR archive follows the IVOA

Protocol (TAP). This allows access

standard third party applications s
TOPCAT, using the URL

http://soar.esac.esa.int

Below, we show a simple g

SPDF/CDAWeb
The Space Physics Data Facility (SPDF)

| ) is a standard resource for
heliophysics data, and is the NASA focal point for
serving in situ data from the Solar Orbiter
mission. The CDAWeb ( ),
as a component of the SPDF, supports interactive
plotting of variables from multiple instruments
on multiple investigations simultaneously on
arbitrary, user-defined time-scales. It also
supports data retrieval in both CDF or ASCII

(SolarSoft) library for accessing data through
both the VSO and SOAR interfaces.

VSO access through IDL/SolarSoft
Routines for accessing data from the VSO have
existed in the SolarSoft library for a number of
years. These routines work the same for Solar
Orbiter data as they do for other missions.
Below is an example of using vso_search.pro to
search for EUl data. The results of this search
can then be downloaded using vso_get.pro.
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Example plot of
SWA plasma data
(density, velocity in
RTN, temperature
component in RTN),
MAG, and EPD STEP
rates data from
Solar Orbiter.

IDL> files = vso_search('2021-04-28', inst='eui')

Records Returned : SDAC_SO : 1070/1070

IDL> help, /structure, files

%k Structure VSORECORD, 17 tags, length=272, data length=268:
TIME STRUCT —> VSOTIME Array[1]
EXTENT STRUCT —> VSOEXTENT Array[1]
WAVE STRUCT —> VSOWAVE Array[1]
DETECTOR STRING "
INSTRUMENT STRING
SOURCE STRING
PROVIDER STRING
INFO STRING
PHYSOBS STRING
FILEID STRING
SIZE FLOAT 36501.0
EXPTIME FLOAT 10.0000
DARK LONG 0
ECLIPSE LONG 0
PERCENTD FLOAT 0.00000
URL STRING
GETINFO STRING

IDL> |

'"EUT"’

ISOI

'SDAC_SO'

IL2I

"intensity’
'data/so/eui/L2/2021/04/28/solo_L2_eui-'...

”*

NASA/GSFC Archive

the Solar Data Analysis Center (SDAC) at the
NASA Goddard Space Flight Center in Greenbelt,
MD. From there it is made available to services

T ¥
SOAR access through IDL/SolarSoft

Routines also exist in SolarSoft to communicate
with the Madrid SOAR archive.

The routine soar_list.pro searches over a time
range, with multiple options:

Recently added:
Users can obtain
data availability
charts for selected
data sets and time
intervals.

the Space Physics Data Facility (SPDF).

SCLO_L2 EPD-STEP—RATES
nergy
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VSO Interface
The Virtual Solar Observatory ( )
serves remote sensing data from Solar Orbiter.
Currently, the VSO serves EUl data, with serving
SPICE data under development. Below, we show
an example of searching for EUl data using the
VSO web interface.

e acknowledge Pl(s}, Gl Owen at MSSL-UCL, University Callege London, UK and T. Horbury
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at Space Research Group, Universidad de Alcala on eb when uaing these data.
Generated by CDAWeb on Tue Jul 26 12:56:16 2022

Result = SOAR_LIST('2020-05-30", 'EUI’)
Result = SOAR_LIST(['2020-05-30T12', '2020-05-30T14'], 'EUI’)
Result = SOAR_LIST('2020-05-30", 'EUI', PROCESSING_LEVEL=1)
Result = SOAR_LIST('2020-05-30", 'EUI', SEARCH="HRI")
The last option provides the ability to search
within filenames. Here, we’re limiting the search

to files from EUI High Resolution Imager (HRI).

O Data Availlability Chart : Generate a chart showing when data is available for the selected data sel(s) and time range (Select = 1day). -

® Plot Data : select one or more variables from list below and press submit.
() Also create PS and PDF best quality outputs (all plot types except images and plasmagrams).
Many panels per dataset are allowed but <=4 panels optimal for standard Y-axis height and single page display.
() Use coarse noise filtering to remove values outside 3 deviations from mean of all values in the plotted time interval.
Increase the Y-axis height for time-series and spectrogram plots.

multiply by: | 2 .

Combine all time-series and spectrogram plots, for all requested datasets, into one plot file.

Plot overlay options.

\" - O Overlay vector components of selected variables.
O Overlay selected variables or variable components that are identical among the datasets chosen

(Supported constellations: MMS, Van Allen Probes (RBSP), THEMIS, Cluster, and GOES).

g/cgi/search?time=1&instrument=1&version=curren ¢
o —
oMp®
OVRO® OVRO®
ROB® PROBA2®
SAO Hinode®
(unavailable)®
SDAC®

VDor i~

oMP®

FICUUVI opcLuviiciivyiapir s~
CLIMSO®

OVSA®

SWAP®

XRT®

LVL7 W VUVLLD =
2007.04.27 —»
2000.03.16 —
2009.11.02 —»
2006.10.23 —

The routine soar_search.pro finds the file closest
to the specified time.

SPDF Python and IDL Support
The SPDF has provided Python and IDL codes to
access the data. Click “Info” next to the dataset
name in the CDAWeb explorer page.

LONGWAVE-LOBE-06® 2006.

LONGWAVE-LOBE-07® 2007. Start: 2022

LONGWAVE-SLIT-06® 2006. End: 2022

LONGWAVE-SLIT-07® 2007.

SHORTWAVE-LOBE-06® 2006.

SHORTWAVE-LOBE-07® 2007, |Seah) (Gl

SHORTWAVE-SLIT-06® 2006. srre—=vwoToTT

SHORTWAVE-SLIT-07® 2007.11.06 — 2007.11.06

FOXSI® 2012.11.02 — 2012.11.02

2014.12.11 — 2014.12.11

2018.09.07 — 2018.09.07 »

2018.09.07 — 2018.09.07

2006.10.23 —

2006.10.23 -

2012.05.11 -

2020.05.12 —

1996.01.19 -

1995.12.02 -

1995.12.07 -

EIT® 1996.01.01 -

ERNE® 1996.05.08 —
0l FO - 1996 .01.01 —

EUNIS®

EUl appears as a Solar
Orbiter (SO) instrument
under the SDAC.
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Use soar_get.pro to download the files.

OXSI1®
FOXS12®
FOXSI3®

FOXSI®
FOXSI®
PHOENIX®
Hinode® EIS®
soT®

VSO access through SunPy
VSO can be queried, and files retrieved, using
Fido.search and Fido.fetch"methods,
respectively, in SunPy via the VSO'SunPy client:

spo® AIA®

so® EUI®

SOHO[Finalized Data Bundles]®  cDS®
CELIAS®
COSTEP®

SOLO_L2 SWA-PAS-GRND-MOM: Info Metadata

Solar Orbiter Level 2 Ground Calculated Moments Data fr@n Solar Wind Analyser (SWA) Proton-Alpha Sensor (PAS) - C.J. Owen (MSSL-UCL, University College London, UK)

Can also search on
properties such as

wavelength Available dates: 2020/07/07 16:43:06 - 2022/03/22 23:59:56

(Continuous coverage not guaranteed - check the inventory graph forspverage

() Total counter of unrecovered bins

) Total count

O Quality factor

Density

O Velocity in spacecraft reference frame (SRF)
Velocity in RTN frame

(J Pressure tensor in spacecraft reference frame (SRF)
O Pressure tensor in RTN frame

O Temperature components in SRF

: Click on “Info”.
import sunpy

from sunpy.net import Fido, attrs as a

» import astropy.units as u

results = Fido.search(a.Time(“2021-03-26 00:00:00”, “2021-03-26 20:00:00”),
a.Instrument(’eui’))

results = Fido.search(a.Time(“2021-03-26 00:00:00”, “2021-03-26 20:00:00”),
a.Instrument(’eui’),
a.Wavelength(wavemin=171*u.angstrom,wavemax=185*u.angstrom))

files = Fido.fetch(results) —to retrieve multiple files Moments computed from the Proton part of ion distribjition function measured by

files = Fido.fetch(results[0,0]) --to retrieve a single file PAS

SPICE REMOTE_SENSING .

SOAR access through SunPy

David Stansby has written a plugin for SunPy
that directly accesses the SOAR for Solar Orbiter
data. The plugin is available on GitHub:

@ sdac.virtualsolar.org/cgi-bin/vsoui.pl

Python and IDL code
link at bottom of
information page.

VSO Search Results

Each file appears twice, once as L1, and once as L2.

Views: Basic | Thumbs | Links | Long @

Temperature components in RTN frame
) Temperature

Show Search Params :: [show] O Spacecraft velocity in RTN frame

total entries: 256
<< prev -1- next>>

SOLO_L2_SWA-PAS-GRND-MOM
Description

Search VSO Help or enter Sort Only | Rearrange only | Sort & Rearrange ®

Cart Id:

Go
[ e ] Time  Time N e Wave

VSO Glossary Thumbnail Start End Range Range Type

VSO FAQ
Click on the ® icons for 2022.03.11 2022.03.11 70 nm
online help. 18:59:45 19:00:44
2022.03.11 2022.03.11
18:59:45 19:00:44
2022.03.11 2022.03.11
19:00:15 19:00:25
2022.03.11 2022.03.11
19:00:15 19:00:25
2022.03.11 2022.03.11
19:00:45 19:00:55
2022.03.11 2022.03.11
19:00:45 19:00:55

Observable Source Instrument =l

79 nm euv intensity SO SPICE REMOTE_SENSING

70 nm 79 nm  euv intensity SO Modification History

HEK Menu

Show HEK events in this
time period ®

250 A 350 A  euv intensity e} EUI FULL_SUN

2020/10/26 - A. Fedorov, A. Barthe - Initial version

250 A 350 A  euv intensity e} EUI FULL_SUN

Query Menu [hide]

New Search @
Edit Search @

171 A 185 A euv intensity SO EUI FULL_SUN
Data Variable Descriptions

171A  185A  euv intensity SO EUI FULL_SUN

Future SOAR access via VSO
The VSO team is currently completing work on

Total counter of unrecovered bins [unrecover¢d_count]

|

Total count [total_count]

Quality factor [quality_factor] cdasws IDL Library

The following code demonstrates using the cdasws library to access SOLO_L2_SWA-PAS-GRND-F
in IDL. It is merely an example and does not show all the capabili

Density [N]

Velocity in spacecraft reference frame (§RF) [V_¢§

https://github.com/dstansby/sunpy-soar

Velocity in RTN frame [V_RTN]

s with old root certificates
_VERIFY_PEER=0

. 2 . : Pressure tensor in spacecraft reference frame (S| 5% b et maca gou ebServices /REST/spdfcdas. sav"
Sendlng TAP querles dlrECtly tO SOAR. When Importlng Sunpy_soar regISterS the Cllent Wlth Pressure tensor in RTN frame [P_RTN] ::0: EEEEEE
completed, the VSO web clent, and the Sunpy: —
IDL/SolarSoft client will both handle TAP queries. LY iy e Temperature [1)

from sunpy.net import Fido
import sunpy.net.attrs as a

From there, use Fido as above.

. . j For a t each variable, type
Spacecraft velocity in RTN fralre [V_SOLO_RTN] | 1c1p, /struct, data.variablename

The addition of TAP via the VSO SunPy client will
be completed later.

\ Copy code to clipboard | Download code

Dataset in CDAWeb
P pl:jthOﬂ [ IDL Data Access Code Examples
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