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The IRM

● The Instrument Response Model (IRM) is divided into 2 parts:

● Lookup tables (LUTs): Store low level relations, such 
as direction LUTs, trained RF, etc...

● High-Level IRFs (HLIRFs): reconstructed performance

● FITS format:

● Standard format within astronomy

● Allows high flexibility

● Provides the perfect framework to use/store Metadata
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The IRM
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The IRM
A common format is desired:

● Flexible enough to adapt with pipeline requirements

● Store all possible required HLIRFs for an observation 
within a single file (embed into data? per Run?)

● Natural way of adding new dependencies 
(without modifying pipelines/analysis tools)
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The IRM

● FITS files are a collection of Header Data Units (HDUs)

● We propose two types of HDUs:

● The “Axis” HDUs: Containing all the information 
regarding IRF dependencies

● The “Data” HDUs: Containing the instrument 
performance as a function of referred “Axis” HDUs

● This approach allows any binning, parameterization or adding 
any dependency to the IRFs within a single FITS file with no 
data duplicity
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The IRM

● Primary HDU: Metadata

● Axis00*: IRF dependencies 
(E, θ, φ, ID, NSB, weather...)

● Data00*: IRF n-dimensional 
data cubes.
(Eff. Area, Mig. Matrix... 

etc..)
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The IRM

● The approach is not new: Fermi-LAT data

Axis
equivalents
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● Obs. A contains 
default on-axis data

The IRM – Example: Obs A
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The IRM – Example: Obs A
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The IRM – Example: Obs A
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The IRM – Example: Obs A
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● Obs. B contains data 
with 3 different weather 
conditions

The IRM – Example: Obs B
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The IRM – Example: Obs B

● HLIRFs need to contain 
these IRF dependencies 
(and data analysis to use 
them accordingly)



15

The IRM – Example: Obs B

Axis_Weather001 could also be 
defined as a parameterization, 
of the EffArea for different 
weather conditions
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The IRM – Example: Obs B
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The IRM – Example: Obs B
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John E. Ward @ Turku
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The IRM
The proposed format allows:

● LUTs+HLIRF Database with the same format

● Whole database may be contained into a single (or 
few) fits files

● HLIRF generation by selecting the required IRF 
dependencies (and ONLY those dependencies!)
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The IRM – Example: Obs C

● HLIRF

30º<Zd<60º

Full-Array
+
Partial

W = 1

● Obs. C 

30º<Zd<60º

Full-Array
+
Partial

W = 1

0º<Zd<30º
60º<Zd
···

Not required to be stored
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IRM: Current Status

● Already working examples: (By J.E. Ward and J. Rico)

● Preliminary FITS keywords for Data/Axis HDUs

● ROOT (IFAE/DESY) IRFs → IRM translator

● FITS files merger

● As soon as I catch up:

● Define/document in detail the best implementation of the 
IRM (define keywords, FITS extensions used, etc...)

● Develop required software:

● Proper libraries to read/write IRM

● Implement it into pipelines and science tools
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IRM: Current Status

Thank you
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