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What do other scientists do with their data?

• Can we learn from their efforts? 
• Are the use cases the same? 
• Astronomers have lots of instruments in one 

large uncontrolled environment 
• Not easy to control instruments in space 
• Observations can be decades long 
• May not be relevant to neutron sciences
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Astronomy data

• Types of data: Images & spectra of stars, exotic objects 
and events: gamma ray bursts, gravitational waves 

• Metadata: location (in spherical coordinates), time, 
start and stop time 

• File format: FITS (Flexible Image Transport System (70s 
format)), moving to HDF5 for big data 

• Use cases: multi-wavelength, multi-instrument studies, 
data from 10+ years ago is useful 

• Is there common ground with neutron science?
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To be Findable:

F1. (meta)data are assigned a globally unique and eternally persistent identifier.  
F2. data are described with rich metadata.  
F3. (meta)data are registered or indexed in a searchable resource.  
F4. metadata specify the data identifier.

TO BE ACCESSIBLE:
A1  (meta)data are retrievable by their identifier using a standardized communications protocol.  
A1.1 the protocol is open, free, and universally implementable.  
A1.2 the protocol allows for an authentication and authorization procedure, where necessary.  
A2 metadata are accessible, even when the data are no longer available.

TO BE INTEROPERABLE:
I1. (meta)data use a formal, accessible, shared, and broadly applicable language for knowledge 
representation.  
I2. (meta)data use vocabularies that follow FAIR principles.  
I3. (meta)data include qualified references to other (meta)data.

TO BE RE-USABLE:
R1. meta(data) have a plurality of accurate and relevant attributes.  
R1.1. (meta)data are released with a clear and accessible data usage license.  
R1.2. (meta)data are associated with their provenance.  
R1.3. (meta)data meet domain-relevant community standards
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Getting the data

• ftp, rsync, http download 
• Observatory website, e.g. Hubble space 

telescope 
• SIMBAD (Set of Identifications, Measurements, 

and Bibliography for Astronomical Data) data 
catalog, CDS , Strasbourg
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Astronomy Database: SIMBAD
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Query results with metadata
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Traditional data reduction methods has 
problems

• Image Reduction and Analysis 
Facility 

• Written in obsolete SPP and CL 
languages (1982) 

• Hard to change 
• Typical operations: 
• Look for sources  
• Fit curves with images 
• Subtract cosmic rays (median 

filter) 
• Fit for background and subtract 
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The new way: PyRAF, AstroConda

• Old IRAF wrapped in python 
• No need to reimplement legacy software 
• “Painless” transition to modern software
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Problems

• Reliance on old software 
• Hard to transition to new data format 
• New detectors can break free of constraints 
• E.g. gravitational waves had less pre-existing 

workflows 
• LIGO observatory
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 Laser Interferometer Gravitational 
Wave Observatory 
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All data free and online as observed - no 
embargo

• (Small print: Not all analysis tools are online) 
• Data 3 formats, HDF5, gzipped ASCII and custom 
• Can be mounted as local directory over CernVM-

FS 
• iPython/Jupyter  notebooks for analysis  
• Lots of data but few events - 1 event expected 

every 6 months! (6 since 2015) 
• 1st neutron star collision in 2017
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Result of LIGO success: will be LISA

�18



Atmosphere-Space Interaction Monitor

• Datafile are split and compressed and 
downloaded in small packets ~ 1 MB over a 
slow connection (~56 k) from satellite, e.g. 
from space station to White Sands, NM, to 
Brussels, to Copenhagen 

• Reassembled into original files - Level 0 
• Calibration files downloaded and used to 

calibrate observations 
• Data combined with other sources (e.g. 

cloud observations from METEOSAT)

�19



MXGS and MMIA 
Modular X-ray and Gamma-ray Sensor & 
Modular Multi-Imaging Assembly 
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Level 0 - Reconstructed unprocessed instrument data 
at full resolution

• Level I  - Reconstructed instrument data time 
referenced, and annotated with ancillary information, 
including calibration coefficients and georeferencing

Level 2 - Derived environmental variables at the same 
resolution and location as the Level I source data. 

DATA PROCESSING LEVELS
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Conclusions

• Astronomers are getting larger amounts of data 
as detector size increases 

• Transitioning gradually to new formats e.g. HDF5 
• As much info/metadata online and available in a 

single source as possible 
• Opportunities for multi-wavelength/multi-

instrument studies (e.g. gravitational waves and 
X-ray)
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