
From flares to the corona: Python tools and 
catalogues for cross-instrument connectivity

Laura A. Hayes

Dublin Institute for Advanced Studies (DIAS)laura.hayes@dias.ie



Diverse Data Landscape in Heliophysics

- Remote sensing (e.g. measurements 
at a distance)

- In-situ (e.g. directly measures 
particles)

Coordinated 
campaigns

Data from planetary 
missions

Ground-
based (radio, 
white-light, 
monitors)Multi-messenger observatories

(e.g. Solar Orbiter / PSP)

>>> import magical_package 
>>> data = magical_package.get_all_data(t1, t2) 
>>> results = magical_package.analyse_data(data) 
>>> paper = magical_package.write_paper(results)

In an ideal world ….
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Solar Orbiter as a System Mission

• 6 Remote sensing + 4 in-situ in 
one mission
• Multiple viewpoints on the same 
phenomena
• Links solar activity to heliospheric 
response
• Built for coordinated campaigns 
(SOOPs)

Designed for coordinated science across the Sun–heliosphere system

In practice, analysis is often still instrument-by-instrument.



The Practical Challenges with Solar Orbiter

Multi-instrument science is hard in practice

• Finding relevant data
• When data is available
• SOOPs and observing modes
• Coverage gaps
• Coordinate systems
• Time matching between instruments

• Working with that data
• Analysis tools different for working with multiple 

instruments
• Knowledge siloed in different places 

soar.esac.esa.int



Why Catalogues Matter

Event catalogues + data availability catalogues = infrastructure

- Define events consistently
- Standard times & location
- Cross instrument reference points
- Enable statistics and surveys
- Shared event definitions

Event Catalogues

- Which instruments observed
- When data is available 
- Coverage and gaps
- Observing modes/SOOPs
- Helps plan studies

Data Availability Catalogues
What data exists?

e.g. HEK



STIX as an example



Example of STIX flare catalogue

Entrance 
Window

Front grids

Rear grids

Detector 
Electronics 

Box
Imager

Spectrometer Telescope for Imaging X-rays 
(STIX): 
•  X-ray imaging spectroscopy (indirect imaging) 
•  4-150 keV energy range, 0.5 s cadence 
• Low telemetry (further reduced by on-board 

binning)  
• Continuously observing, and has been since 2021 

See Krucker et al. 2020,  
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STIX flares : 5 years of observations 🌞

STIX has observed > 90,000 flares since January 2021
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STIX flares : 5 years of observations 🌞

Over half solar cycle of observations to date

Sunspot number

STIX has observed > 90,000 flares since January 2021
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STIX flares : Generating science flarelist with locations 🌞

Look at flares > 1000 counts → 31000 flares

Over half solar cycle of observations to date

STIX has observed > 90,000 flares since January 2021
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Look at flares > 1000 counts → 31000 flares

• Find pixel data (cpd) data that contains 
the peak of the flare  

• Make image at peak (40s integration)  
over 4-16 keV to find location 

• Provide coordinate of this on Sun from 
SoLO and do coordinate transforms to 
different frames (e.g. HPC at earth/solo, 
HGC)

STIX flares : Generating science flarelist with locations 🌞

🧙🪄



STIX flares : Generating science flarelist with locations 🌞

https://github.com/hayesla/stix_flarelist_science

>>> stixflarelist 

Times of flares 
(at UTC Solar 

Orbiter)

Fluxes in 
energy bands Location of flare 

from Solar Orbiter

Location of flare 
from Earth

Stonyhurst + 
Carrington coords 

too



The STIX flare catalogue

https://github.com/hayesla/stix_flarelist_science



What This Enables

EUI 174Å
- Find events cross Solar Orbiter  instruments (e.g. STIX + EUI) 

- Cross-mission science, combining lists (multi-wavelength flare 
studies, erupting studies, etc etc ) 

- CoSEE-CAT  solar 
energetic electron 
(SEE) events on Solar 
Orbiter 

SolO/STIX

GOES/XRS

- From STIX 4-10 keV energies - can estimate the GOES X-ray fluxes an 
measure proxies for GOES classes - estimate flare sizes on backside Sun 

- Compare with Earth flares  
- Flares seen by both Solar Orbiter/GOES 
-



METIS catalogue + finding events

The METIS CME catalogue is extremely valuable 
on its own, but its value increases even more when 
it can be linked to disk activity and flare catalogues. 

For example can combined with STIX to make flare-
CME list!

METIS CME list https://metisarchive.oato.inaf.it/cme/list

| : METIS CME  
x : STIX flares

Cross-instrument catalogues multiply the value of instrument-specific catalogues

https://metisarchive.oato.inaf.it/cme/list


The SunPy Ecosystem and MADAWG Python WG

sunpy core vs 
SunPy ecosystem

• Data access (Fido, VSO, SOAR 
interfaces) 
• Coordinate transformations 
• Map & time series containers 
• Multi-mission compatibility 
• Plotting & quick-look tools

Lots of Functionality Already 
Exists Than We Realise

The challenge is often 
discoverability and tailoring to 

Solar Orbiter use cases.

Solar Orbiter MADAWG Python WG



MADAWG Python Working Group Aims

1.  Centralise existing Solar Orbiter Python tools & efforts  
•  Single hub, shared visibility, centralise codes, docs, workflows

2. Scope out needs → identify missing tools & data gaps
•  Bring teams together → coordinate across instruments

3. Develop document common tools
•Catalogues, data containers, overview plots within SunPy ecosystem

4. Facilitate access to data → smooth integration with SOAR & SunPy

Enable science → provide user-ready analysis workflows 

Modelling and Data Analysis (MADAWG) Working Group 
Led by Clementina Sasso, Giovanna Jerse, Laura Hayes
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Towards Light Standards for Solar Orbiter Catalogues? 

- Do we want a light common template? 
For example: 
• Minimum metadata fields 
•  Time & coordinate conventions 
•  Instrument visibility flags 
•  Event IDs



https://github.com/SolarOrbiterWorkshop/solar-orbiter-docs

MADAWG Python Working Group

https://solar-orbiter-docs.readthedocs.io/

• Survey of instrument teams: status of 
available Python tools & needs 

• Now need to do this for users! 
• Compiled current tools 
• Identified some priorities: 

documentation, common containers, 
catalogues, and instrument-specific 
software needs 

• Built central documentation hub → 
Read-the-Docs Solar Orbiter site 



Take aways and next steps

• Solar Orbiter was designed as a system observatory

• Cross-instrument catalogues turn multi-instrument data into system 
science

• The SunPy ecosystem & community packages make this scalable 

and reproducible

• software is core infrastructure, like telescopes. 

• Many building blocks already exist, discoverability and coordination 
are key

Missions make the data.  
Software and community make the science.

+5 years of observations + more to come, exciting time ahead for Solar Orbiter science 
If anyone is interested in getting involved and contributing - please do! 


